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Cheatsheet FAQ

What is the purpose of this document?

As an instructor we appreciate that you may be juggling a number of classes, with little time
to prepare for this course. This may be the first time you have used Inspark courseware and
you will need to be supporting your students while they take BioBeyond. The purpose of this
document is to provide a lesson-by-lesson cheatsheet that should help prepare you in
approximately 20 minutes per lesson. You may have the Inspark TAs and Technical Support
answering student questions in Piazza (or some other online discussion tool), but you are
expected to monitor these questions and respond where possible, in addition to endorsing
good responses. This document provides you with the major misconceptions/issues students
might have. You may also like to use the Smart Sparrow Analytics to actually see what your
students struggled with, but you may not have had time to do that. This document references
specific screens in the lessons and we encourage you to work through the Activity
Walk-through using the Preview mode.

How do | access the instructor preview mode of lessons in order to follow the Activity
Walk-throughs?

Access the student experience using the Learnspace and the instructor mode using the
Workspace (select the Module and lesson to view, then click Preview Lesson). Please see
the Inspark Instructor FAQs document for more details.
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Unit 1 Biology Bootcamp: Scientific Reasoning

Lesson Stats
e Average time spent: 1-1.5 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 243

Lesson Flow

What is Science? What do scientists do?, Screens 2-3.

Making audio and visual observations, Screens 6-9.

Comparing observations and confirmation bias, Screens 10-13.
Countering Bias: Objectivity and Peer Review, Screens 14-18.
Instrumental Error, Screens 19-26.

Measurement Error: Accuracy and Precision, Screens 27-34.
Designing experiments and the scientific method, Screens 36-44.
What is a scientific theory? What is a scientific law?, Screens 45-50.
Introduce experiment topic: Carl and his grades, Screen 52.
Establish experimental variables and formulate hypothesis, Screens 53-61.

Common Student Issues/Misconceptions
e The primary goal of this lesson is for the student to learn how to harness their
observational skills and practice the scientific method. Students will realize that their
own subjectivity and bias influences what they observe and how they interpret data.
e Understanding the difference between the independent and dependant variables is
key to formulating a good working hypothesis and understanding why certain
variables are held constant.

Simulations
There is no simulation in this lesson.

Activity Walk-through
1) Test Your Ears - Listen to audio file (Screens 6-7)
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The Ears

Listen to the audio clip below very
closely. As you listen, list any words or
phrases you hear, even if they are
distorted. Enter a word or phrase in at
least the first five boxes to proceed.

Students are asked to listen to the audio clip in full and write down the words or phrases they
hear in at least five of the text boxes to the right. The student must make sure to listen to the
entire file the first time around.

2) Test Your Eyes - Watch the video (Screens 8-9)

The Eyes

Watch the video clip and record
how many passes the white
team makes.

P 0001 a@

Students are to watch the short video and pay attention to how many passes the white team
makes. Commonly, by paying attention to the passes the student misses other key events in
the video i.e. a dancing “bear”.

3) Looking at Error - Instrumental Error (Screen 22)
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Instrumental Error

You've seen that both balances had
significant differences from the 250.0g
actual mass, even though the mass
didn't change between experiments.
These differences are called error,
measurement error, or instrumental
error, and every instrument has them.

Knowing now that every instrument has
some sort of error, which balance would
you prefer to use to measure with?

Balance 1, its variation was more predictable

Balance 1, its readings were closer to the
actual mass

Balance 1, its difference between readings
was smaller

Balance 1, it read the correct mass each time

NEXT >

Students compare the data they collected from the two measuring instruments and
determine which data set is more reliable and what kind of error affects each.

4) Accuracy and Precision (Screens 27-34)

Accuracy and Precision

Another way of thinking about error in Which balance was more
measurement is two often used terms: accurate?
accuracy and precision.

Balance 1 Balance 2 Neither
An accurate measurement is one which

is very close to the actual or accepted Which balance was more
value of the measurement. precise?

A precise measurement is one which is Balance 1 Balance 2 Neither
very close to other measurements made
of the same object.

Balance 1 Balance 2
249g 253.135¢g
247 g 253.131¢
250 g 253.133 g
253 g 253.130¢g
251g 253.132¢g
249 g 253.130 g
248g 253.131¢g

In later questions students learn about accuracy and precision and consider how their data
reflects these terms.

5) What is the Scientific Method?
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Experimental Design

With error and bias skewing your

observations and data at every turn, Scientific Method

you'll need a way of designing

experiments and accounting for the P

untrustworthy nature of your k\l;lrﬁg"‘ie

instruments, both mechanical and

biological. This is the oft-referred to Resea rch

scientific method. Find cut about the foplc

Often reduced to a poster in classrooms HypUthESIS

with a set of steps to follow, like the one bl i b DA

shown at right, the scientific method of .

inquiry is actually a way to reduce the - “E,,),,(,p,?r‘lm,enz.

amount of uncertainty about a problem

rather than a set of steps to follow AnﬂIYSiS

blindly. Record the rosults OF the experiment
Conclusion

Compare the hypothests 1o the experiment’s conclusion

Hypothesis: Definition

Good hypotheses propose explanations
and predict outcomes of experiments
based on prior, often limited, knowledge.
Hypotheses can also be described as
assumption-driven informed
predictions. Which of the options below
would therefore be a good hypothesis
for an experiment seeking to determine
what color of light plants grow best
under, knowing that light is necessary
and that there is a difference in how
they grow depending on color of light?

Plants have green pigments, so they
should grow best under green light

Plants reflect green light, so they should
grow best under all light but green

Plants will grow the same under all lights
Plants are green

Plants don't need light to grow

Students are introduced to the Scientific Method and provided a expanded definition of a
hypothesis. This is the scaffold upon which students will practice their critical thinking skills
and reference as a guide for the next slides in the lesson.

6) Make Your Own Experiment
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Beginning the Experiment

What areas do you see in Carl's habits
that might be good targets to change in
order to help his grades? Select all that
apply:

Commute time Study time

Sleep time

Extracurricular Activities (Maker Club)

Choice of hobby Type of car

Carl's grades

Classes Carl is taking Diet

Here the student will start their own experiment and will hypothesize which of Carl’s habits
should be changed in order to improve his grades.
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Unit 1 Biology Bootcamp: Scientific Tools

Lesson Stats
e Average time spent: 2 hours

Learning Objectives
e See Instructor's Guide

Assessment:
Max score: 285

Lesson Flow:

Introduction, Screens 1-2.
Measurement, Screens 3-13.

Sl Units, Screens 14-22.

Cubic Units, Screens 23-28.
Dimensional Analysis, Screens 29-38.
Sl Prefixes, Screens 39-41.

Scientific Notation, Screens 42-45.
Models (Modeling), Screens 46-55.
Helping Carl, Screens 56-60.

Models (Models in Science), Screens 61-63.

Common Student Issues/Misconceptions
e Students can get very caught up in the minute details during measurements and end
up getting the answer wrong (ultimately, they were being too precise). If this
happens, let the student know that they have made it more complicated than
necessary and to try again without thinking too hard about it.

Simulations
There is no simulation in this lesson.

Activity Walk-through
1) Measurement: Ruler (Screen 6)
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SCIENTIFIC TOOLS Force Adaptivity W (Score:5) 33iBeagle e Zuena Mushtaq
Screen List This stick has markings every foot. Now

how big do you think the object is?
1. Title Screen

2. Introduction 2.75 feet

3. Measurement

On the prior screen, you said the object

4. Measurement: Scale : =
was 0.9 yards. How many feet is that?
5. Measurement: Ruler (Remember, 1yard =3 feet) ﬁ -
" >
-m -]
Sa B
7. Measurement: Ruler 27 feet ,! o
8. Measurement: Tools . "'y. ;,
Why are you able to get a better ‘R _,I:'
9. Measurement: Uncertainty 1 measurement? = }Eﬂ
10. Measurement: Uncertainty 2 L
The ruler is bigger
11. Measurement: Uncertainty subscreen The Hiletis shisrter
12. Measurement: Estimation The ruler uses bigger units
13, Paise and reflect ® The ruler uses smaller units
14. Sl Units
15. Sl units: Length
) FEEDBACK

16. S| Units: Mass

As mentioned in the common misconceptions section, students tend to get too precise when
estimating the length of the tower in these lessons. It's important for them to understand that
estimations are just that - estimations. It's ok to not be precise. This will help them
understand the importance of precision using smaller units.

2) Cubic units (Screen 23)

SCIENTIFIC TOOLS Force Adaptivity YW (Score - 0) eagle e Zuena Mushtag

Screen List b i C U n i.tS

17. Sl Units: Mass

18. Sl units: Definitions

Here's something else that typically has
a volume measured in gallons or liters.
There's another way you may have
learned to measure volume, though.

19. Sl units: Volume
20. S| Units: Volume question 2
21. §l Units: Volume

To find the volume of this fish tank, you
can multiply its length, width, and height.
You may have learned V=L x W x H

22. Sl Units: Volume

24. Cubic Units Question 2
25. Cubic Units
26. Cubic Units Question 2
27. Cubic Units
28. Cubic Units Question 2

29. Converting between units

30. Dimensional Analysis

31. Dimensional Analysis

before.

This tank has a length of 100 cm, a
width of 50 cm, and a height of 50 cm.

Multiply those numbers and
enter the result in the box below.

NEXT -

This screen is very important as it teaches the basis of cubic units and how to determine the
volume of an object. Students need to understand how to calculate the volume of a cube (ie.
a tank in this situation) in order to work through the other screens in this lesson.

3) Dimensional Analysis (Screen 34)
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SCIENTIFIC TOOLS

Screen List

23. Cubic Units

24. Cubic Units Question 2
25. Cubic Units

26. Cubic Units Question 2
27. Cubic Units

28. Cubic Units Question 2
29. Converting between units
30. Dimensional Analysis

31. Dimensional Analysis

32. Dimensional Analysis

33. Dimensional Analysis

35. Question 2
36. Question 3
37. Dimensional Analysis

38. Dimensional Analysis

ensional Analysis

Dimensional analysis is critical as a tool
in science. See if you can solve the
following dimensional analysis
problems for value and units:

3t a5z |
il = ao |

Force Adaptivity W (Score:25)  iiiBeagle € Zuena Mushtaq

[ FEEDBACK

Students need to understand dimensional analysis in order to move forward with the rest of
the lesson. This screen does a great job of building upon previous screens and explaining
what dimensional analysis truly is using simple concepts. Students need to understand the
basis of dimensional analysis in order to work the rest of the problems in this lesson.

4. Scientific Notation (Screen 42)

SCIENTIFIC TOOLS

Screen List

43, Scientific Notation
44, Scientific Notation
45. Pause and reflect
46. Models

47. Models: Ptolemy

48. Models: Copernicus

49. Models: Copernicus vs Ptolemy

50. Models: Kepler

51. Models: Kepler vs Copernicus
52. Models: Einstein

53. Models: Einstein

54. Models: Einstein vs Kepler
55. Pause and reflect

56. Helping Carl

Another way of dealing with large
numbers is to express them in scientific
notation. In this method, large numbers
are expressed as a decimal multiplied
by a power of ten.

For example, 3,240,000 could be
expressed as 3.24 » 1,000,000, or 3.24
<10°, A quick shortcut for large
numbers is to count the number of
zeroes after the 1 in the number you
multiply by - that becomes the
exponent. For example, 1,000,000 has
six zeros, so it is equivalent to 10°, In
general, there are two rules for scientific
notation:

The first number must have only one
digit before the decimal place.

In numbers that do not have the
location of the decimal specified, the
decimal place is at the end of the

Force Adaptivity W (Score:0) 3iBeagle €3 Zuena Mushtag

Standard Notation —— Scientific Notation
93,000,000. = 9.3x107
VRV AVIVLY)

NEXT -
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SCIENTIFIC TOOLS Force Adaptivity W (Score:0)  3iiBeagle e Zuena Mushtag

Try converting these large numbers to

Screen List e — .
eR = scientific notation:

43. Scientific Notation - B
44 Scientific Notation 300,000,000 = .77 \ x 10— /
45, Pause and reflect

46. Models

47. Models: Ptolemy

48. Models: Copernicus

49. Models: Copernicus vs Ptolemy

50. Models: Kepler

51. Models: Kepler vs Copernicus

52. Models: Einstein

53. Models: Einstein 7,000,000,000 = 1 x 10::
54. Models: Einstein vs Kepler o

55. Pause and reflect

56. Helping Carl NEXT >

Scientific notation, and converting to scientific notation, is explained on this screen.
Furthermore, students are expected to actually convert numbers into scientific notation as
well. This is the foundation for the next screens as students are asked to work through more
scientific notation problems.
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Unit 1 Biology Bootcamp: Scientific Skills

Lesson Stats
e Average time spent: 45 minutes

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 135

Lesson Flow

Labelling graphs, Screens 4-10.

Plotting points on a graph, Screens 11-13.
Trends and relationships, Screens 14-17.
Distributions, Screens 19-22.

The Maker Club, Screens 24-35.

Carl’'s commute, Screens 36-43.

Carl’s study habits, Screens 44-52.

Common Student Issues/Misconceptions
e A lot of students had trouble with the graphing portion of The Maker Club Screens
because the graphs only go from -10 to 10 on both axes and they did not realize that
they can drag the screen to reach numbers beyond -10 and 10.
e On certain browsers the graphs can sometimes not operate correctly and students
are unable plot points; if that happens, let the student know that they should logout
and log back in and refresh the lesson before starting it again.

Simulations
There is no simulation in this lesson.

Activity Walk-through

1) The Mean (Screen 2)
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SCIENTIFIC SKILLS Force Adaptivity W (Score:0)  iiiBeagle (@ ZuenaMushtaq

Screen List p, it is important to take accurate
ons.
1. Title Screen

2. Introduction

hen making large numbers of
easurements or observations, or
lealing with a large set of data,

5. Anatomy of a Graph 2 ometimes it is necessary to look
bverall at the information rather than at Try it now: Calculate the average of the
ach individual point. One way to collect following set of measurements of the
7. Anatomy of a Graph 4 formation about a large set of data is population in the image

o calculate the mean, or average, of the

4. Anatomy of a Graph 1

6. Anatomy of a Graph 3

8. Anatomy of a Graph 5 layer i Heights Average Height
alues in that set. To calculate the g 8 <
9. Anatomy of a Graph 6 verage, simply add up each value, then 1.8m o=
10 Aty of 2 Buaph . livide that total by the number of values 1.4m
the set. 20m
11. Plotting points 1 1.7m
1.6m

12. Plotting points 2

13. Plotting points 3

14. Trends and relationships 1

15. Trends and relationshig NEXT >

This screen asks students to calculate the mean and is important for students to understand
as they will need to be able to calculate the mean for various activities that appear later on in
the lesson.

2) Plotting points (Screen 12)

SCIENTIFIC SKILLS Force Adaptivity ¢ (Score:4) iiiBeagle €3 Zuena Mushtag

Screen List ting Points

3. The Mean

4. Anatomy of a Graph 1

he next step is to generate a
oordinate pair for each measurement
6. Anatomy of a Graph 3 sing the number of each month in the 1 s
ear. Coordinate pairs have the format
x.y), so if in January you saw 3 rabbits,
8. Anatomy of a Graph 5 layer he coordinate pair would be (1,3). Fill in %
he coordinate pairs for each month in
he data below.

5. Anatomy of a Graph 2

7. Anatomy of a Graph 4

9. Anatomy of a Graph 6
10. Anatomy of a Graph 7

onth Coordinate Pair
11. Plotting points 1

13. Plotting points 3

14. Trends and relationships 1

15. Trends and relationships 3

16. Trends and relationships 2

17. Trends and relationshig

18. Variable relationships NEXT >

This screen asks students to determine the coordinate pair for each measurement. This is
extremely important for students to understand as it is the basis for how to plot points, which
they are asked to do later in the lesson.

3) Plotting points (Screen 13)
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SCIENTIFIC SKILLS

Pnce you have your cocrdinate pairs,
he next step is to plot them on a graph.
Remember, the first number is the value
bn the x-axis (horizontal) and the
econd is the value on the y-axis
vertical).

Screen List

3. The Mean

4. Anatomy of a Graph 1
5. Anatomy of a Graph 2
6. Anatomy of a Graph 3
Plot the points below on the graph to
7. Anatomy of a Graph 4

8. Anatomy of a Graph 5 layer

9. Anatomy of a Graph & Coordinate Pair

10. Anatomy of a Graph 7 (1,20)
11. Plotting points 1 (2,24)
12. Plotting points 2

(333)
14. Trends and relationships 1 (440)
15. Trends and relationships 3 (538)
16. Trends and relationships 2 (6,42)

17. Trends and relationshig

18. Variable relationships

Students are then asked to plot the points on the graph.

Force Adaptivity ¥ (Score:0) fiiBeagle €@ Zuena Mushtaq

50
40
30
20
10
X i : t
1 2 a 4 5 é 7
Y
Month: Jan Feb Mar Apr May Jun
Rahhite: 20N 24 13 an 2/ A2

NEXT >

This is probably the most important

screen in the whole lesson. If students do not understand how to plot coordinate pairs, then
they will not understand any of the lessons beyond this.

4) The Maker Club: Frames (Screen 28)

SCIENTIFIC SKILLS

Screen List

29. The Maker Club: Frames 2
30. The Maker Club: Frames 3
31. The Maker Club 5

32. The Maker Club 6
Bhown below are the data for the

33. The Maker Club: Batteries 1 ) . .
& Maker Gl eries aker Club's drone frame kit options.

34. The Maker Batteries: Frames 2
35. The Maker Club

raph each kit's weight on the y-axis
36. Carl's Commute hnd cost on the x-axis to proceed.
37. Carl's Commute 1

38. Carl's Commute 2

39. Carl's Commute

40. Carl's Commute graphing

41. Carl's Commute data questions

42 Carl's Commute data qi

43. Carl's commute summ

Maker Club: Frames

Force Adaptivity W (Score:0) iiiBeagle €% Zuena Mushtag

Students are asked to plot the points and will have to create the coordinate pairs by
themselves, based on the information that is provided.
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Unit 1 Biology Bootcamp: Graphing Skills

Lesson Stats
e Average time spent: 30 minutes

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 0

Lesson Flow

Introduction, Screens 1-3.

Anatomy of a Graph, Screens 4-10.

Plotting Points, Trends, Relationships and Correlations, Screens 14-17.
Variables, Screens 18.

Distributions, Screens 19-22.

Reflection and Summary, Screen 24.

Common Student Issues/Misconceptions
e On certain browsers the graphs can sometimes not operate correctly and students
are unable plot points; if that happens, let the student know that they should logout
and log back in and refresh the lesson before starting it again.

Simulations
There is no simulation in this lesson.

Activity Walk-through

1. Anatomy of a Graph (Screen 4)
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1. Title Screen
2. Introduction

3. The Mean

5. Anatomy of a Graph 2
6. Anatomy of a Graph 3
7. Anatomy of a Graph &

8. Anatomy of a Graph 5 layer

9. Anatomy of a Graph 6

10. Anatomy of & Graph 7-new-dnd
11. Plotting points 1

12 Plotting points 2

13. Plotting points 3

14. Trends and relstionships 1
15. Trands and relationships 3
16. Trands and relationships 2
17. Trands and relationships 4
1B. Variable relationships

19. Distributions 1

20, Distributions 1

21. Distributions 2

22 Distributions 3

23. Pause and reflect

24. Summary and Dutro

Anatomy of a Graph

Another way of looking at a complete
set of data is by graphing it. Graphs
have several components. The vertical
axis (goes from top to bottom) is called
the y-axis and is where the dependent
variable is plotted. Drag the appropriate
labels to the y-axis and dependent
variable.

On this screen and the following screens students will become familiar with the different
parts of a graph. Understanding the x-axis, y-axis, independent variable, dependent variable,
and trend line is critical for maximizing student understanding for the rest of the lesson.

1. Title Screen
2. Introduction

3. The Mean

4. Anatormy of & Graph 1

5. Anatomy of 8 Graph 2

6. Anatomy of a Graph 3

7. Anstomy of & Graph 4

8. Anatomy of a Graph 5 layer
5. Anatomy of a Graph &

11. Plotting pointa 1

12. Platting points 2

13. Plotting points 3

14. Trends and relationships 1
15. Trends and relationships 3
16. Trends and relationships 2
17. Trends and relationships 4
18. Variable relationships

19. Distributions 1

20, Distributions 1

21. Distributions 2

22. Distributions 3

23. Pause and reflect

24. Summary and Outro

Anatomy of a Graph

For the experiments below, drag and
drap the variables to the appropriate
section at right. Remember, each
experiment must have an independent
and a dependent variable.

Experiment 1:

How does the temperature affect the
number of dogs in a park? amber of s
Experiment 2:

How much do cranges cost on the first
day of each month of the year?

g H
a |
§ it i
i 1L 8

Experiment 3:
How does the time of day affect the
number of people in a store?

Experiment 4:

How does the duration of sunlight
during the day change throughout the
year?

Experiment 5:
How does plant growth change in
wvarying durations of sunlight?

2. Anatomy of a Graph - Independent and Dependent Variable (Screen 10)

------------------------------

On this screen students are given a number in which they are to sort the respective
independent and dependent variable.

3. Practice Plotting (Screen 11)
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1. Title Screen

2. Introduction

3, The Mean

4. Anatomy of a Graph 1
5. Anatomy of & Graph 2

6. Anatomy of & Graph 3

7. Anatorny of & Graph &

8. Anatomy of & Graph 5 layer
9. Anatomy of & Graph &

10. Anatomy of a Graph 7-new-dnd

12. Plotting points 2

13. Plotting points 3

14. Trands and relationships 1
15. Trends and relationships 3
16. Trends and relationships 2
17. Trends and relationships 4
1B. Variable relationships

19. Distributions 1

20. Distributions 1

21. Distributions 2

22 Distributions 3

23. Pause and reflect

24. Summary and Outro

Plotting Points

Plotting points on a graph is relatively
straightforward. The first step is to
identify the independent and dependent
variables. Select which axis would be
used for each variable In this
experiment counting the number of
rabbits in a field on the first day of each
menth for half a year.

X-axis (select two)

Independent
variable

Dependent
variable

Month
Rabbits

Y-axis (select two):

Independent
variable

Dependent
variable

Month

Rabbits

Month:

Rabbits:

Jan

20

Feb

24

Mar

a3

Apr

40

May Jun

38

42

On this screen and the following screens students are to determine the independent and

dependent variable and practice plotting points.
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Unit 2 World Biodiversity Exploration: Sonoran Desert

Lesson Stats
e Average time spent: 1.5 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: None — please read below for more clarification regarding scoring for this unit.

e This lesson serves as a tutorial for the entire unit and has 10 organisms students
have to find and observe that are added to their classification project.

e Points are awarded based on the quality of the observations made. This lesson is
critical for completion of this unit and scoring is entirely based on the Classification
Project.

e [n total, there are 60 organisms in the entire unit, and students are required to
observe at least a total of 50 across all of the lessons in this unit.

e 40% of the total score is based on the quality of observations made and the other
60% is based on how students group their organisms during the My Classification
project.

Lesson Flow
e [Introduction, Screen 1.
e How to scan and find organisms, Screens 2-5.
e Using Observer and determining how to make good observations, Screens 7-17.
e Learn to Classify, Screen 26. Students will be automatically sent to the How to
Classify lesson and back according to the following flow:

o After they’'ve made observations of 3 different organisms in the Sonoran
Desert, they will go to How to Classify.

o Students are shown how to use the classifier, then practice classifying the
three organisms they have observations for in their observer.

o Students are sent back to the Sonoran Desert to make observations of two
more organisms.

o Students are sent back to How to Classify to learn more about what makes a
good classification and add the additional two organisms to their
classification.

o Students are sent back to the Sonoran Desert to find and complete making
observations of the remaining five organisms.

Important note: Students start making their classification in How to Classify, but will later
finish it in the My Classification lesson. All classification work the students do will be saved
across the How to Classify and My Classification lessons.

Common Student Issues/Misconceptions
e At the beginning of their observation and classification journey, students get really
caught up on what makes a good observation vs. what makes a bad observation and
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they make it a lot harder than it needs to be. A lot of students also may get frustrated
when they make an observation and it is not accepted because it does not meet the
criterion that has been set forth. In these situations, it is important to reiterate that
they need to make sure that they have made correct observations, in accordance
with what they have been taught in the lesson.

Simulations
There is no simulation in this lesson.

Activity Walk-through

1) Open your observer (Screen 7)

Sonoran Desert © Zzuena Mushtaq
Force Adaptivity.

Screen List

T g Dbserver: Your digital field journal

5. You've found it! . ; .
‘'ou're going to need somewhere to put all the observations you make

6. Jackrabbit bhbout the erganisms you'll find. This is where you'll do it!

il your observations will be stored in your Observer.

8. Observations: What's the point? .
ollow the steps below to open your Observer now, then hit NEXT.
9. Good observations

10. Exactly how long is long?

It's in the upper right corner of your screen 0Once open, click Observer.
near your name. Click to open. 2

11. Cute or ugly?

12. Behavioral

13. Distinguish between
14. Specific observations
15. Group together

16. What are tags?

17. Complete observations

18. Your first observation

Students will be making observations using the Observer so it is imperative that they
understand how to open this widget and how to also use it.

2) Good Observations (Screen 9)
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0 Zuena Mushtag
4 & Force Adaptivity
e — i

hat makes a good observation?

Z WWNat Will You Ting?
3. Scan this location

4, The geotag . . . oy
bd observations are objective, specific, have measurements and

5. You've found it! aviors.

6. Jackrabbit
7. Open your Observer

8. Observations: What's the point?
is an OBJECTIVE observation?

10 Erety e, T be agreed on by all observers, it's a
Gl ler of fact rather than opinion.

11. Cute or ugly?

or observation would be:

12. Behavioral  ears.”

§ L DizingRigbepvoen sing that observation now: Select the
14. Specific observations al with long ears from the images on
ght. (Don't worry, you won't lose any
15. Group together s if you get it wrong)

16. What are tags?

< >

17. Complete observations

This screen helps students begin to understand the importance behind observations and
how to make GOOD observations accordingly. This sets up the scene for all of the
biodiversity lessons. Good observations are an integral part of science and if students are
unable to make such observations when finding various organisms, then they will not be able
to move on with the lesson.

3) Distinguish between organisms (Screen 13)

—
e e Zuena Mushtag
Force Adaptivity

stinguish between organisms

4. The geotag

5. You've found it!

6. Jackrabbit

Good observations should include things

7. Open your Observer that are specific: details that allow you to

) distinguish even between two related

8. Observations: What's the point? :
organisms.

9. Good observations

A nonspecific or general observation of the

10. Exactly how long is long? organisms might be:

11. Cute or ugly? Ll

12. Behavioral Try it now: Select the organism with brown

fur.

(Don't worry, you won't lose any points if you

4. Specific observations )
get it wrong)

15. Group together

16. What are tags?

17. Complete observations

18. Your first observation £ >

This screen reinforces the importance of making specific observations, as opposed to
general ones. Students need to understand how specific observations can make a huge
difference when trying to classify and group the organisms that they have found accordingly.

4) What are tags? (Screen 16)
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Screen List

8. Observations: What's the point?

9. Good observations
10. Exactly how long is long?
11. Cute or ugly?
12. Behavioral
13. Distinguish between
|  14. Specific observations

15. Group together

17. Complete observations
18. Your first observation

| 19. Back to location

| 20. Back o location click

21. You've found a mouse!

| 22. Southern grasshopper mouse

hat are observation tags?

You're about to make your first observation
of the jackrabbit in your Observer.

Part of your observation will be to type
observation tags, which are very short—
several word—descriptions of traits or
behaviors.

Be consistent by making the same exact
tags for different organisms with the same =
you use the tag, "has fur" for the jackrabbit,
use "has fur' for the mouse.

It's like when you tag one image on social
media with #beach but another with
#beachtime. They'll end up in different
places.

Come ¢ >

the o

Force Adaptivity

traits or they won't be grouped together. If Type the general tag to describe the
mouse's coat below.

@ Zuena Mushtag

Along with observing organisms and keeping track of them, students will also be asked to
create tags. Each organism they observe will require 5 tags (except for the first organism,
the Black-tailed jackrabbit, which requires 6) that they will have to input themselves. This
screen helps them understand how to make tags and what makes a good tag and what
makes a bad tag. These tags will be used later on to classify the organisms that they will

have observed.
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Unit 2 World Biodiversity Exploration: How to Classify

Lesson Stats
e Average time spent: 1 hour

Learning Objectives
e See Instructor's Guide

Assessment
e 40% of the total score for the unit is based on the quality of observations made and
the other 60% is based on how students group their organisms during classification in
the My Classification lesson. This is the project for the entire unit. Students must
work on their classification here and hit “FINISH” to have their scores to register in
the learnspace.

Lesson Flow

e Students are directed here automatically from the Sonoran Desert lesson after
they’ve made observations of 3 different organisms.

e Students are shown how to use the classifier, then practice classifying the three
organisms they have observations for in their observer.

e Students are sent back to the Sonoran Desert to make observations of two more
organisms.

e Students are sent back to How to Classify to learn more about what makes a good
classification and add the additional two organisms to their classification.

e Students are sent back to the Sonoran Desert to find and complete making
observations of the remaining five organisms.

Common Student Issues/Misconceptions
e Coming soon

Simulations
There is no simulation in this lesson.

Activity Walk-through
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How to Classify  sarah Reiwitch

Learn to classify

You've got observations about some
Sonoran Desert organisms in your Observer.
Your goal now is to classify those organisms
based on the observations and tags you
wrote for them. When you're done, you'll have
the start of your very own grouping of
organisms.

Explore five tricks for nailing
classification on the next set of screens.

This screen is very important as it begins to teach students the importance of classification
and how they will be expected to classify the organisms that they will be making
observations about. A sample showing how classification should look is also provided to
show students how these classifications should be made.
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| HOW TO USE THE CLASSIFIER |

Know your organisms

Trick 1: Know which organisms you’re about to classify.

All the organisms will appear here

before you classify them. Your job Pl

differences and classify them into
their own group.

Tarantula hawk

will be to find general tags to help ﬁ Is mobile
classify them in groups and
specific tags to distinguish their o Thoe & progerly classifid ot oot

[ ':h::-!"-{:

3 ORGANISMS IN THIS GROUP

4.

S

Y i =
Black-tailed jackr. Southern grassh

0 ORGANISMS IN SUBGROUPS )

X

DISMISS

aQ

This screen explains how classifications would be made using the tags that students
generate during their observations of organisms.

| HOW TO USE THE CLASSIFIER |

Start with the three organisms you
have in your classifier

You've learned a few things about what
makes a good classification and how to use
the classifier. You've already made
observations about some Sonoran Desert
organisms.

Now you'll start creating your very own
grouping of organisms based on the tags you
made. You can go back and forth from the
locations to the classifier.

You'll know you're done when you've
classified at least 50 organisms.

Make your own Classification!

Classification structure diagram.
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s | :
bio>eyond How to Classify @ sarah Reiwitch

ﬁg' Observations 7@ &E Orange wings ;7

i?::: brown fur N - ]

L4 FINISH = | Classified Organisms

This screen leads the student into making their own classification so that they understand
the method behind how this will need to be done in the rest of the lessons in this unit.
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Unit 2 World Biodiversity Exploration: Deep Ocean Floor

Lesson Stats
e Average time spent: 1 hour

Learning Objectives
e See Instructor's Guide

Assessment
Max score: None - please read below for more clarification regarding scoring for this unit.

e Points are awarded based on the quality of the observations made. This lesson is

critical for completion of this unit and the Classification Project.

This lesson has 9 organisms that students have to find and observe.

In total, there are 60 organisms within this entire unit, and students are required to
observe at least a total of 50 across all of the lessons in this unit.

e 40% of the total score is based on the quality of observations made and the other
60% is based on how students group their organisms during classification in the My
Classification lesson. This is the project for the entire unit. Students must work on
their classification here and hit “FINISH” to have their scores to register in the
learnspace.

Lesson Flow
e Students select a location to be taken to classify some organisms, Screens 1-3.
e Various Organisms, Screens 4-12.

Common Student Issues/Misconceptions
e Coming soon

Simulations
There is no simulation in this lesson.

Activity Walk-through

None. Students continue what they began in Sonoran Desert, except now they are on the
Ocean Floor. Students continue to make observations of organisms that they find.
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Unit 2 World Biodiversity Exploration: Antarctica

Lesson Stats
e Average time spent: 1 hour

Learning Objectives
e See Instructor's Guide

Assessment
Max score: None - please read below for more clarification regarding scoring for this unit.

e Points are awarded based on the quality of the observations made. This lesson is

critical for completion of this unit and the Classification Project.

This lesson has 10 organisms that students have to find and observe.

In total, there are 60 organisms within this entire unit, and students are required to
observe at least a total of 50 across all of the lessons in this unit.

e 40% of the total score is based on the quality of observations made and the other
60% is based on how students group their organisms during classification in the My
Classification lesson. This is the project for the entire unit. Students must work on
their classification here and hit “FINISH” to have their scores to register in the
learnspace.

Lesson Flow
e Location, Screens 1-3.
e Various Organisms, Screens 4-13.

Common Student Issues/Misconceptions
e None

Simulations
None

Activity Walk-through

None. Students continue what they began in Sonoran Desert, except now they are in
Antarctica. Students continue to make observations of organisms that they find.
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Unit 2 World Biodiversity Exploration: Yellowstone National
Park

Lesson Stats
e Average time spent: 1 hour

Learning Objectives
e See Instructor's Guide

Assessment
Max score: None - please read below for more clarification regarding scoring for this unit.

e Points are awarded based on the quality of the observations made. This lesson is
critical for completion of this unit and the Classification Project.

e This lesson has 11 organisms that students have to find and observe.

In total, there are 60 organisms within this entire unit, and students are required to
observe at least a total of 50 across all of the lessons in this unit.

e 40% of the total score is based on the quality of observations made and the other
60% is based on how students group their organisms during classification. Student
score is registered for the student only after they work in the My Classification
(project) lesson and hit “FINISH.”

Lesson Flow
e Location, Screens 1-3.
e Various Organisms, Screens 4-14.

Common Student Issues/Misconceptions
e None

Simulations
None

Activity Walk-through

None. Students continue what they began in Sonoran Desert, except now they are in
Yellowstone National Park. Students continue to make observations of organisms that they
find.
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Unit 2 World Biodiversity Exploration: New York City

Lesson Stats
e Average time spent: 1 hour

Learning Objectives
e See Instructor's Guide

Assessment
Max score: None - please read below for more clarification regarding scoring for this unit.

e Points are awarded based on the quality of the observations made. This lesson is

critical for completion of this unit and the Classification Project.

This lesson has 10 organisms that students have to find and observe.

In total, there are 60 organisms within this entire unit, and students are required to
observe at least a total of 50 across all of the lessons in this unit.

e 40% of the total score is based on the quality of observations made and the other
60% is based on how students group their organisms during classification in the My
Classification lesson. This is the project for the entire unit. Students must work on
their classification here and hit “FINISH” to have their scores to register in the
learnspace.

Lesson Flow
e Location, Screens 1-3.
e Various Organisms, Screens 4-13.

Common Student Issues/Misconceptions
e None

Simulations
None

Activity Walk-through

None. Students continue what they began in Sonoran Desert, except now they are in New
York City. Students continue to make observations of organisms that they find.
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Unit 2 World Biodiversity Exploration: Great Barrier Reef

Lesson Stats
e Average time spent: 1 hour

Learning Objectives
e See Instructor's Guide

Assessment
Max score: None - please read below for more clarification regarding scoring for this unit.

e Points are awarded based on the quality of the observations made. This lesson is

critical for completion of this unit and the Classification Project.

This lesson has 10 organisms that students have to find and observe.

In total, there are 60 organisms within this entire unit, and students are required to
observe at least a total of 50 across all of the lessons in this unit.

e 40% of the total score is based on the quality of observations made and the other
60% is based on how students group their organisms during classification in the My
Classification lesson. This is the project for the entire unit. Students must work on
their classification here and hit “FINISH” to have their scores to register in the
learnspace.

Lesson Flow
e Location, Screens 1-3.
e Various Organisms, Screens 4-13.

Common Student Issues/Misconceptions
e None

Simulations
None

Activity Walk-through

None. Students continue what they began in Sonoran Desert, except now they are in the
Great Barrier Reef. Students continue to make observations of organisms that they find.
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Unit 2 World Biodiversity Exploration: My Classification
(Project)

Lesson Stats
e Average time spent: 1-2 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 1000 - please read below for more clarification regarding scoring for this unit.

e |n total, there are 60 organisms within this entire unit, and students are required to
observe at least a total of 50 across all of the lessons in this unit.

e 40% of the total score is based on the quality of observations made and the other
60% is based on how students group their organisms during classification. This is the
lesson where the score will be recorded. The classification that was started in How to
Classify will be saved in the in My Classification lesson. Students will need to
complete their classification in My Classification and hit “FINISH” for the score to be
recorded to the learnspace.

Activity Walk-through

1. Continued Classification (Screen 2)

Sereen List
gl nsect

1. Introduction

3. Your Score

4. Antarctica image credits

5. Barrier reef image cradits

6. Central Park image credits
7. Deep ocean image credits
8. Sonaranimage and video credits

9. Yellowstone image credits

This is where students can continue to work on their classification. They can access it at any
time after they’ve completed the Sonoran Desert and How to Classify. It's where they’ll get
their score recorded to the learnspace so they’ll need to hit “FINISH” in this lesson for that to
happen.
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Unit 3 Journey to the Galapagos: Why You Look the Way You
Do?

Lesson Stats
e Average time spent: 1.5-2.5 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max Score: 160

Lesson Flow

The Traits in You, Screens 6-9.

Case Studies: Observing Traits in Couples, Screens 10-16.
Gregor Mendel's Experiment, Screens 17-21.
Pause and Reflect, Screen 22.

Gregor Mendel Experiment F2, Screens 23-26.
Dominant and Recessive Traits, Screens 27-31.
Trait Variations, Screens 32-37.

Pause and Reflect 2, Screen 38.

Law of Segregation, Screens 39-41.

Law of Independent Assortment, 42-47.

Pause and Reflect 3, Screen 48.

Summary, Screen 49.

Common Student Issues/Misconceptions
e Students sometimes have trouble distinguishing between the modes of recessive and
dominant inheritance. The laws of segregation and independent assortment are also
sometimes confused by students who are unfamiliar with genetics.

Simulations
There is no simulation in this lesson.

Activity Walk-through

1) Traits in a Couple - Priya and Blake (Screen 7 & 8)
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Identify Priya's Traits

Identify Blake's traits
To answer the question of why you look the
way you do, let's start by examining what we
are familiar with—humans. We can begin our —

study of how traits are inherited by taking a
look at a couple who is planning to have
children in the near future. We will first
examine the traits in the couple before we
making a prediction about the traits of their
children will have.

Like they say, it takes two to tango. So,
before you can make a prediction about what
traits Priya's children will have, you'll want to
examine her partner Blake's traits as well.

Remember, A characteristic is a feature in an
organism. Eye color is an example. A trait is
a particular version of that characteristic

such as blue eyes or brown eyes. Mest Priys, the betfer Hialf of the couple.

Select the traits that best

: You'l meet Blake, her partner, on the next describe Blake
Select the traits that best ey
describe Priya
Dimples A Widow's Peak
Dimples A Widow's Peak No Dimples No Widows Peak
No Dimples No Widows Peak
Cleft Chin Attached Earlobe
Cleft Chin Attached Earlobe
No Cleft Chin Detached Earlobe
No Cleft Chin Detached Earlobe

Students are asked to observe and select the traits that Priya and Blake express. This is
their introduction to the concept of inheritance.

2) Traits in Priya and Blake’s Children (Screen 10)

Identify the traits of their children

15 years later, the couple has three children.

Observe the traits of the three children for

each observable characteristic.

What did you observe about each child?

Select all that apply
Hairline: = B -
Earlobe: b v v
Chin: v M M

Sophie Hennah

< >

The concept of this page is identical to the previous one, except now it is the children's traits
that are being recorded.
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3) Gregor Mendel's First Experiment (Screen 15)

Why Pea Plants?

What made Pea Plants a suitable
plant for Mendel's experiments?

Part of what made pea plants a good choice
for Mendel's experiment was the fact that
they had traits that could be easily identified.
The difference between a white flower and a
red flower, for example, may be easier to spot
than perhaps a cleft chin. With pea plants,
Mendel could control which plants mated
with each other. Pea plants also grow easily
and mature quickly which allowed Mendel to
conduct more experiments in a far shorter
time.

Traits Shape Color Color Shape Flant Flawmer
ofSeeds  of Seeds  ofPods  of Pods  Height Color

Rour ellow Green

T ‘/ ‘, l

£ >

Purple

 {

Eq-s g 2

How do you select plants that are
purebred?

To find out what happened when Mendel
crossed purebred purple-flowered and a
white-flowered pea plants, you're going to
need to recreate that cross. But how do you
know if a plant is purebred, exactly? To
prevent any other unwanted traits from
appearing in later generations, we want to
find true breeding purple-flowered and white-
flowered pea plants to cross. An organism
with a true breeding trait is one whose
ancestors (and offspring) all had/have that
same trait.

¥ R
A ¥ %
nonW ¥ ¥ ¥

1. Impure white-flowered 2. Pure purple-flowered
plant, plant.

3. Impure purple-flowered

plant.

Why did Mendel choose to grow
pea plants for his experiment?
Select all that apply

|| They were the only plant that could grow
in the garden.

[ They grow and mature quickly.
|| They provide food for other organisms.
| Their traits are easily noticeable.

| They can withstand harsh environments.

NEXT -

Select two family trees: one that
represents purebred white pea
plants AND one that represents
purebred purple-flowered plants.

4. Pure white-flowered plant.
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4) Dominant vs. Recessive Traits

To understand dominant vs.
recessive traits, you have to first be
able to identify traits in an
organism.

Identify the coat color trait for the dog
above:

. Brown Coat Yellow Coat

Black Coat

8"

2 ]

o O B

als

Identify the coat color trait for the dog
above:

_ Brown Coat Yellow Coat

Black Coat

5) Homozygous and Heterozygous Traits

There are two genotypes:
Homozygous and Heterozygous

Can you sort the homozygous
genotypes from the
heterozygous ones?

The organisms you have seen so far had cnly
one type of allele in their genotype. For
example "TT" (both the letter "T" and both
capitalized). An organism with a genotype
containing only one type of allele is said to be
homozygous (homo=same).0On the contrary,
an individual with two different alleles for a
trait such as "Tt" is said to be heterozygous.

RR
T
T
PP
PP
Tt
™
<

6) Inheriting Multiple Traits
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Inheriting Multiple Traits

Organims have more than one trait,
How are multiple traits passed

down?

By uncovering the law of segregation, Mendel
figured that just because a parent had a
genotype such as "Pp", didn't mean that its
offspring had to inherit that same
combination of alleles. Now, he wanted to
know if a plant with two traits (such as yellow
seeds and a round seed-shape) could pass
down one as opposed to both of their traits to
their offspring. In other words, he wanted to
know if the many different traits in a parent
were tied together—forcing offspring to inherit
a "package” with all of that parent's traits.
Cross two plants—each with two different
purebred traits, to find out.

Y = yellow pods

y = green pods

A purebred Round-Yellow-seeded pea plant
will have a genotype of YYRR.

What will be the genotype of the
purebred wrinkled green-seeded
pea plant?
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Unit 3 Journey to the Galapagos: Disease Detectives

Lesson Stats

Average time spent: 1.5-2.5 hours

Learning Objectives

See Instructor's Guide

Assessment
Max score: 226

Lesson Flow

Introduction: Your Mission, Screens 1-9

Basics: Genotypes and Phenotypes, Screens 10-16
Punnett Squares: Predicting Genotypes and Phenotypes, Screens 16-28
Double Traits Crosses, Screens 29-35

Pedigrees, Screens 36-39

Hemophilia, Screens 37-45

Blood Typing, Screens 46-58

Application to Disease: Sickle Cell, Screens 59-69
Reevaluating Mendel: Screen 70

Pause and Reflect, Screen 71

Summary, Screen 72

Common Student Issues/Misconceptions

Students may sometimes have a difficult time understanding the difference between
a phenotype and a genotype, especially at points in the lesson where there are
sex-linked trait and codominance.

Students may find it difficult determining what phenotype an individual will express in
a double testcross.

Simulations
There is no simulation in this lesson.

Activity Walk-through

1) Your Challenge (Screen 5)
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Your Challenge

Great to have you on board! Welcome to the
clinic. Things are a little crazy over here
right now. But there’s a lot for you to do
before you get started.

Choose what you'd like to do next.

MEET JAMAL

JAMAL'S CONDITION

Students are tasked with helping to find a good blood sample for Jamal who suffers from
sickle cell anemia. Throughout the lesson students learn about inheritance broadly and apply

their knowledge to Jamal's case.

2) Genotype (Screen 11)

What is a Genotype?

Learn about the code scientists use to talk
about traits

Classify the following genotypes
as homozygous or
heterozygous:

"P"and "p" are examples of two

different alleles. Their different cases
(uppercase and lowercase) tell that they code
for two different traits.

In order to predict the cutcome of a genetic
cross, you need to know the alleles of each
parent. According to Mendel, each person
contains two alleles for any given trait. The
combination of alleles in an organism is
known as the genotype. For example, TT is
a genotype for a purebred tall plant. Each "T"
in this genotype is an allele, or genetic factor
that was inherited from a parent.

Organisms with two of the same alleles for a
trait are called homozygous.

Organisms with two different alleles for a
trait are called heterozygous.

romanyrs HH
Hh
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What is the Phenotype?

What other information can we get from the

genetic code or genotype?

How an organism looks is typically
determined by it's genotype or genetic code.
In the case of a heterozygous genotype,
where an organism has two different alleles
(such as Tt), what appearance, or
phenotype, does it take on? According to
Mendel, the organism will resemble the
dominant allele.

= Dominant alleles are represented by
capital letters.("G "for example, is a
dominant allele for the green pod trait)

= Recessive alleles (lowercase letters) are
not expressed when paired with dominant

G = Green Pods

g = Yellow Pods

Select the correct phenotype
(appearance) for the following

genotypes:

Students are tasked with sorting different allele combinations into homozygous and
heterozygous categories Understanding genotype and phenotype is foundational to the rest
of the lesson especially as the concepts of dominance, recessiveness and co-dominance are

introduced.

3) Offspring Genotype and Phenotype (Screen 15)

Can you predict the genetic code and
appearence of the offspring?

Look at the sex cells of the tall and short
plants. An offspring forms from the
combination of two sex cells—one from each
parent. Since each sex cell of a parent
contains one allele for a trait, offspring will
have a genotype with two alleles.

To predict the outcome of a cross, remember
that the genotype for any child is composed
of one allele from the mother and one allele
from the father. One of the parent plants is
homozygous for the tall trait (TT) and the
other parent is homozygous for the short
trait (tt). Predict the outcome in the children.

HOMOZYGOUS TALL PLANT TT

HOMOZYGOUS SHORT PLANT tt
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Here students apply the information they learned on the previous screens and apply the
concept of genotype and phenotype to a plant cell.
4) Creating Punnett Squares (Screen 17)

Learn how to use Punnett squares to predict
the genotypes in offspring

Before you can help Jamal or predict the
inheritance patterns of human diseases like
sickle cell, you'll need to learn how to use a
Punnett square. Let's start with a simpler
organism-plants. In the following example,
you will set up a Punnett square predicting
the results of a cross between two plants.
Both plants in this cross have green pods
and the genotype Gg. When creating a
Punnett square which looks at the
inheritance of one trait (such as pod color)
start by placing the alleles of each parent on
the top and left sides of the square. It does
not matter which parent’s alleles are placed

on the top or the side.
G = Green Pods

Fill in the parent’s alleles in the g~ vellaw Pods
punnett square below.

(7

Using Punnett Squares
in Mice |

Can you use what you've learned to predict
the fur color of mice?

Before moving on, you will apply what you

have learned to cross two mice who are B = Black coloured
heterozygous for the black fur color trait.
Remember, heterozygotes have genotypes b = White coloured

with two different alleles.

Start by filling in the alleles of
each parent

=

{ g

v

Here students will further explore the concept of genotype as expressed in plants and
animals with the help of punnett squares. Students will begin notice that that heterozygous
genotypes are always expressed the same way, despite having alleles for two different traits.
These screens will make students take notice how certain alleles are overshadowed by
others, ultimately introducing them to the concept of dominance.
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5) Punnett Square with Two Traits (screen 35)

Two-trait Cross

Practice predicting the appearance of
organisms from a two-trait Punnett Square

Fill in the missing boxes with
with the correct genotype and
phenotype for this cross.

@

BBPP bbpp

BbPp

B-Black b-Red
P-Homs p-MNoHomns

For this activity students will apply their knowledge of punnett squares to explore what
offspring result when two cows heterozygous for two different traits (BbPp) are mated
together. This activity requires attention, as distinguishing the potential phenotypes can be
tricky. Students should recall what the parents of the heterozygous cow looked like as a

guide.
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6) How to Read a Pedigree (screen 36)

What is a Pedigree?

How to trace disease in humans

FATHER MOTHER
squares to predict the chances of inheriting .

certain traits, you're ready to trace the
inheritance patterns of diseases. Unlike
plants, scientists cannot purposely select

and mate two humans (ethically speaking). B ( ~ - ’7 (\‘
N/ J
- 4

Now that you understand how to use Punnett . f)

Instead, to study how human traits and \__/
diseases are inherited, scientists use a chart
called a pedigree. A pedigree traces the Son Daughter
presence of a disease or trait through

multiple generations in a family. It not only

shows who has a particular trait/disease but

also who carries an allele for the disease as

well.
How are males represented in How are females represented

the pedigree? in the pedigree?

The “Royal Disease”-
Hemophilia

What pattern of inheritance do you notice
for this disease?

In a pedigree, a shaded-in shape represents

someone who is "affected” by a disease. e ' ‘ &

Look at this pedigree for the disease, - ‘

hemophilia. Sometimes known as the "royal | T T T T T
disease” because of its prevalence in the (Y (B) -"C. . . " |
royal families of several European nations, s NS N b
those with hemophilia lack a protein that

helps clot blood. As a result, severe bleeding ﬁ 7 ] i

can result from a minor injury.

Select the individuals
who have hemophilia

A B c D E F G

Which individual (s) do
Here students will learn how to read a pedigree and use it to track the inheritance of
particular alleles deleterious to health. The pedigree helps students visualize patterns of
inheritance in a small population. In the next screen it is applied to Hemophillia, a recessive
x-chromosome linked condition that affects only males. This example shows that inheritance

can be more nuanced than just recessive and dominant.

Page 42 of 254



Now that you have a basic understanding of
hemophilia, a sex-linked disorder, you want
to make sure that none of the blood samples
for Jamal comes from someone who might
have the disease. The clinic doesn't have the
equipment to test for the disease but a nurse
did leave behind pedigrees tracing the

7) Analyzing Blood Type and Hemophilia (Slide 40)

Mission Part 1. Hemophilia

Select a sample to see if the
blood donor might have
hemophilia. Once you've
tested all four samples, click
Next.

disease in each blood donor's family.

Sample #1 Sample #2 Sample #3 Sample #4
(From Malik) (From Fifi) (From Jojo} (From Ami)

This screen will follow the previously mentioned condition of hemophilia and show the
student how they can determine using pedigrees, whether a sample of blood was from
someone with the condition and should not be used. This will orient the student to blood
sample analysis and disease inheritance.

8) Punnett Squares and Blood Typing
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Predicting Blood Types

Look at the results of the Genotype  Blood type
Punnett square. Label each AA ek
potential child with the correct BB Type B
phenotype (blood type). 0 Type A
A | 0 « BO Type B

o0 Type 0

ﬁ‘ ﬂ AB Type AB
-0 (o]

Use the Punnett square to
determine which alleles(s) are
dominant? (Dominant alleles
suppress recessive alleles)

Here students will apply their knowledge of punnett squares to figuring out the possible
blood types of offspring from a cross between and AO and a BO individual. This punnett
square provides an example of codominance and prepares the student to find a matching

donor sample for Jamal in the second mission.

9) Matching Jamal's Blood Type

Mission Part 2: Blood Types

In the last test, you eliminated one Select a sample to see if the

blood donor due to the risk that they blood donor matches Jamal's
may have had hemophilia. Now that you type B blood. Once you've

are more familiar with blood types, .
you'll want to check to see if the blood checked all three samples, click

donations match Jamal's type B blood. Next.
One of the workers at the clinic has

recorded the blood type of both parents

for each of the three blood donors.

Sample #1 Sample #3 Sample #4
From Malik) {From Jojo [From Ami
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10) Finding a Blood Match Without Sickle Cell

Mission Part 3: Sickle Cell Disease

You've narrowed down the blood samples to
just two. You already know that neither of
these two samples has hemophilia and both
can be a match for Jamal's blood type. Now
for the final test, you need to be sure that
neither of the two remaining blood samples
has any trace of sickle cell disease. This
means the donors cannot be carriers of the
disease or had the full disease itself.

Sample #1
[From Malik)

Check the remaining two blood
samples to see which one has
no trace of the disease. Once
you've checked both samples,
click Next.

2
=

Sample #3
(From Jaojo)

11) Sickle Cell and the Risk of Inheritance for Jamal's Children

Their Child's Health

Predicting the chance that Jamal's child has

sickle cell disease

Use a Punnett square to predict the chance
that Jamal's newborn has sickle cell
disease? (Jamal: SS Hana: AA)

Hana: AA

Find out the chances of Jamal's
child inheriting sickle cell
disease by filling out the Punnett
square below.

Jamal: SS
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Here the student will predict the chance Jamal’s child will inherit sickle cell disease by filling
out a punnet square.

Rethinking Mendel

Take a moment to reflect on what you've learnt so far.

You learned in the previous lesson that
Mendel proposed that when two different
alleles or genetic factors were found in an
individual, one always expresses dominance
over the other.

Based on what you learned about sickle cell
anemia, select all of the following that are true.

Mendel was correct, a dominant allele always completely overshadows a
recessive allele

Mendel was incorrect, a recessive allele can overpower a dominant allele
Mendel was correct a dominant allele cannot blend with a recessive allele

Mendel was incorrect-a dominant trait can be expressed simultaneously with the
recessive trait

Mendel was incorrect-dominant and recessive alleles can sometimes blend to

Having completed the lesson, the student should understand that inheritance of traits and
diseases is not always based off of the dominance of one allele over the other. Mendel only
saw part of the picture but his initial experiments with pea plants are the foundation to other
discoveries that followed.
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Unit 3 Journey to the Galapagos: Peer Pressure in Nature

Lesson Stats
e Average time spent: 1-2 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max Score: 167

Lesson Flow

Introduction, Screens 2-5

Food Chains: Autothrophs, Screens 6-14
Food Webs, Screens 16-19

Case Study: Rocky Mountains, Screens 20-33
Introduction in Symbiosis, Screens 34-36
Mutualism, Screens 37-39
Commensalism, Screens 40-41
Parasitism, Screens 42-43

Analysis and Reflection, Screens 44-45
Summary, Screen 46

Common Student Issues/Misconceptions
e Students should understand that although food chains are useful, they are a
simplistic schematic for how energy is recycled in an ecosystem.
e Students may think that animals higher in a food web will eat what follows below
them in a food web. However, just because an organism is higher doesn't necessarily
mean that they eat all the organism lower on the food web.

Simulations
There is no simulation in this lesson.

Activity Walk-through

1) What are Food Chains? (Screen 6)
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An Introduction to Food Chains

2) Why are Autotrophs Important? (Screen 10)

One of the most common interactions between
organisms, and one that is a staple of almost any
animal documentary, is the predator-prey relationship.
These relationships fit into what is commonly referred
to as a food chain. Contrary to what you may have
learned in elementary school, a food chain is meant to
show more than just who eats who. It's a diagram that
shows how matter (nutrients) and energy (calories for
example) are transferred from one organism to the
next. Try reconstructing a food chain found in the

Everglades region below.

Drag the organisms into the boxes
below in the correct order to make
this food chain. (from left to right)

Autotrophs

What's so important about these guys?

So what's so important about of these
different autotrophs? What if we were to
remove these autotrophs from the
environment?

Which of the following answers
best explains the effects of
removing an autotroph in a food
chain? Check all that apply.

There would be no effect in the chain

Organisms below the autotroph in the
chain will gain more nutrients

Animals high in the chain will be deprived

i

F

«

*
N
+
S

: :

3) Different Types of Consumers (Screen 14)

St
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Types of Consumers

Carnivores, Herbivores and Omnivores

Not all consumers are the same. Knowing
what an organism consumes can help you
determine how an organism fits into a food
chain., There are three key types of
consumers that populate most
environments.

Carnivores- Organisms that primarily eat the
meat or flesh of other animals.

Herbivores- that only feeds on plants or
"herbs.”

Omnivores -such as humans, that can eat
both plants and other animals.

For the sake of learning,
disregard any background
knowledge you have about

4) Why are Food Webs Important? (Screen 17)
The Importance of Food Webs

How is information presented in a food
web?

An alternative to using food chains is by
visualizing an environment using a food web.
A food web shows the interconnectedness
of different organisms in an environment.
Food webs can also help predict how
organisms may be effected when another
organism'’s population is being threatened.

What is true of the arrows used
in a food web? Check all that

apply.

| The arrow head points towards the animal
that is being consumed

The arrowhead points towards the consumer

5) Design a Food Web

Page 49 of 254



Create a Food Web

Rocky Mountains

Create a food web representative of the
information you gathered about the
organisms in the Rocky Mountains.

6) Conduct an Experiment

Choosing a Location

Which location would be most suitable for
you to conduct this experiment?

It seems that the crossbills have difficulty
getting past some of their prey's defenses-
the pine tree's cones. In this case study you'll
see if this difficulty in obtaining food will
cause the predators-the crossbhills--to
change or develop new traits (over
thousands of generations).Your aim will be
to find out if the crossbill population will
develop new traits or modifications to break
the pine tree's defenses; or will the pine tree
develop more defenses against the crosshill?
Find a location below where you can test
your hypothesis.

Black Areas = Areas with Squirrels,
Pines and Crossbills

Grey Areas = Areas with only
Crossbills and pines (no squirrels)
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7) Experiment Ananlysis

Effects of Crossbill Predation on Pines

Analyse the effects of the interaction
between crossbills and pinecones

Now that you've found a location where
crossbills can prey on Lodgepole pines
without the interference of squirrels, you're
now ready to see if a long-term interaction
between these two species can cause a
change in the traits of their populations. This
can occur in two ways:

= The crosshills can cause trait changes in
the pine population (such as developing
thicker cones) or

The pine trees can cause trait changes to
emerge in the birds (such as developing
thicker beaks).

Let's start by focusing on whether the
pressure of crossbill predation causes the

B Before crossbill predation
After crossbill predation

g
= & O
s

Caone Shape Cone Mass
(Width/Length*15) (grams)
Pine Cone Trait

From Benkman (7003} Amerioan Naturalist 167 182194

8) Types of Symbiotic Relationships (Screen 35)

Symbiotic Relationships

What role does each partner play in a
symbiotic relationship?

Although symbiotic relationships may not
appear on a food web, they are key to
answering our overarching question for this
lesson: “how are there so many different
traits in the world around us?”. To survive,
some organisms may adapt or change their
behavior or physical traits to be able to better
use others around them.

There are many different types of symbiosis.
One example of symbiosis is the
relationship between the mengeose and the
hornbill that you've seen earlier. Another
example of the same type of symbiotic
relationship occurs between the clownfish
and the sea anemone.

9) Summary (Screen 46)

Sea anemone, though seemingly harmless,
are predators that attack nearby fish with
their tentacles. However, they provide a
home for clownfish who have developed a
thick layer of mucus against the anemone's
stings. In return, the clownfish lures prey
towards the anemone.

To understand this symbiotic
relationship, record what
happens to each of the
organisms involved.

Clownfish

Sea Anemone
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Adaptations

Succumbing to Peer Pressure in Nature

In general, symbiotic relationships such as
mutualism, commensalism and parasitism
illustrate how organisms can evolve
behavioral adaptations to withstand the
challenges posed by of their environment. In
many cases, predation, too, can serve as a
force that favors certain traits in prey
population.

As demonstrated by the case study you saw
earlier, these favored traits can lead to
changes in the overall population of a
species. It is this ability to adapt to these
varying environments that can play a role in
causing the vast diversity of traits we see in
organisms today.

Learning Objectives

-Describe the theory of evolution by natural
selection and its key concepts: adaptation to
environment, descent with modification, and
reproductive fitness

-Describe the theory of evolution by natural
selection and its key concepts: adaptation to
anuironmant dacoont with madification. and
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Unit 3 Journey to the Galapagos: The Birds and The Moths

Lesson Stats
e Average time spent: 1.5 - 2.5 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 202

Lesson Flow

Introduction for the Peppered Moth, Screens 1-4

The Industrial Revolution and Environmental Change, Screens 5-7

Moths Before the Industrial Revolution Simulation and Analysis, Screens 10-15
Moths During the Industrial Revolution Simulation and Analysis, Screens 16-24
Evidence of Change after Pollution, Screens 25-29

Reducing Pollution and Resulting Population Change, Screens 30-31
Questioning the Kettlewell Study, Screens 32-34

Population Growth Rates of Rabbits, Screen 35-41

Factors Limiting Population Growth, Screens 42-44

Selective Pressure and Adaptation, Screens 46-47

Reflection and Summary, Screens 48-49

Common Student Issues/Misconceptions
e Students should come to understand that individuals do not develop traits in
response to their needs. Rather, those traits, such as moth wing color, develop
across generations in response to environmental pressures (pollutions and
predation).

Simulations
Simulation name: Moth Population

e Description: This simulation allows students to adjust the level of environmental
pollution by regulating the number of factories, predators, and other factors.

e Correct answer: Student’'s must increase the number of factories present in the
environment in order to indirectly increase the population of the darker winged moth
varieties. Likewise, the students must increase the predation rate so that there is a
selective pressure for the dark colored moths in an ever more polluted and thus
darker habitat. If the students set the predation rate to be too low then there will be
no selective advantage for the darker wing moths.

Activity Walk-through
1. Introduction to the Peppered Moth
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Three Kinds of Peppered Moth

How do these moths fare in their new sooty environment?

As it turns out, there are actually three forms of
peppered moths:

- typica (white) peppered moths=-pale, speckled
moths

- insularia (grey) peppered moths—grayish, slightly
darker moths

- carbonaria (black) peppered moths—rare, black
moths

During the Industrial Revolution, scientists like E.B.
Ford began noticing a change in the how often they
saw each form.

Given the factory-produced soot that
covering most surfaces in industrial
areas during the time, what pattern
did E.B. Ford most likely notice?

Take a look at the three forms of the
peppered moth

Sty &

Here students will become familiar with the pepper moth and more generally how species
adapt to changes in the environment such as air pollution.

2. Simulating the Peppered Moth Populations Before the Industrial Revolution

Welcome to nineteenth century Britain. Before we

A Trip to Britain

Before the Industrial Revolution

D

z

begin this simulation, we'll need to understand what's
going on in this environment and how we can control
those factors.

Let's start by focusing on the main characters-the
moths. In addition to seeing them on trees to the left,
you can also see them highlighted by color by clicking
the bar graph on the right.

Select the bar representing the percentage of black
(carbonaria) moths in the population. Then select
the bars for the grey and white moths to see them
highlighted in the population. Hit check once you're
ready to move on.

% OF CARRY CAP.

Here is the first time in the lesson that students will use the simulation to visualize which
moth wing colors were present without the industrial revolution pollution serving pressure.
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3. Simulating the Peppered Moth Populations During the Industrial Revolution

Recreating the Industrial Revolution

The SIM is currently set to Pre-Industrial revolution
settings. You may notice that there is not too much
soot in the forest on the left.

Now let’s try to recreate Britain's industrial
revolution.

See what effect changing the number of factories in
the city nearby has on the environment.

To do this, maximize the number of factories and
then press the play button on the timeline below. See
how this affects the environment over time

Once you're ready to move on, hit check.

COLOR

100
.
3
z
]
g
g
o
ES

n |

@ 1200/3000 Moth Population

Mane w

Here is the first time in the lesson that students will use the simulation to recreate the effect
of industrial pollution on pepper moth coloring.

4. Controlling for Factors in the Moth Simulation

Discover two additional factors you can
control in the moth population

Props for the can-do attitude. This information will be Alrlght what do you want to
helpful later an. ;
know more about?

| A. Adding predators to my enviranment

(' B. Adding more moths to my environment

COLOR
100
# 5
g
vy S =
& 2
1 2
: . [
! 4 Black Gray wite
C1 @ 1200/3000 Moth Population
* %
e N 1200 v Nane »
: Initial Population Number of Factories
0% ~

Predation Rate

@i |
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Predation Rate

0One factor you can control in the environment

is the predation rate. The predation

rate represents the percent of moths killed by
Bumping up the number of predatory predators (in this case robins).

birds See what effect changing the predation rate
0 has on the types of moths in the environment.

Once you're ready to move on, set the
predation rate to 25%, play the simulation, and
then hit check.

COLOR
o

% OF CARRY CAP.

Black cray wite

@ 500/3000 Moth Population

Initial Population Nurnber of Factories

0% v
Predation Rate

Here students can experiment by adding other selective pressures to the environment such
as predatory birds. It is recommended that students choose a high predation rate, then press
the play button on the timeline below.

5. Calculating Peppered Moth Populations After Industrial Revolution

Evidence of Change

How did Kettlewell know that moths of one color were becoming
more popular than others?

After the Industrial Revolution, Kettlewell marked,
released and captured moths in a wooded area in
an industrial region of England each day over a two
week period in 1953 to study the survival of the
different phenotypes in the wild in the face of
natural predators.

Kettlewell's data is summarized below.

Data from Kettlewell's experiment

carbonaria typica insularia
Number released 447 137 46
Number caught 651 81 38
Number caughtthat 123 18 8
were released
Use the data to answer the questions to the For the number released:
right. Enter only a number, without units or

ntas igns.
s How many total moths were
To calculate a percentage, divide the number of released?
one part of the sample by the total amount in
the sample, then mulitiply by 100.

For example, if 5 moths in a sample of 47 were How many carbonaria forms were
typica (white), the percentage of typica would released?
be:

5 x 100 = 10.6%
47

What percentage of the moths
were carbonaria?

In this activity students will read the table and calculate the percentage of different moth
colors in a population of moths, in an attempt to follow what Kettlewell did.
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Unit 3 Journey to the Galapagos: Galapagos Exploration

Lesson Stats

Average time spent: 2-3 hours

Learning Objectives

See Instructor's Guide

Assessment
Max score: 360

Lesson Flow

Introduction and Galapagos Information, Screens 1-4

Observing Species on Hood Island, Screens 5-6

Observing Species on Isabela Island, Screens 7-6

Observing Species on San Cristobal Island, Screens 9-10

How to Gather Evidence on the Galapagos, Screens 11-12

Determining a New Species by their Differences, Screens 13-16
Simulation: Create a New Species in 40 Generations, Screens 17-18
Simulation and Analysis: Daphne Major Challenge, Screens 20-27

Modes of Selection and Beak Depth, Screen 28

Directional Selection, Screens 29-33

Natural Selection, Screens 34-36

Simulation: Determining a New Species, Screens 37

Species and Speciation, Screens 38-39, 41

Review Speciation and Natural Selection, Screens, 42-44

Sexual Selection, Screen 45

Artificial Selection, Screen 46

Selective Pressure Review Table, Review 47

Simulation Challenge #2: Natural and Sexual Selection Pressures, Screens 48-50
Simulation Challenge #3: Importance of Initial Population on Floreana Island,
Screens 51-54

Simulation Challenge #4: Predation and Hood Island, Screens 55-58
Simulation Challenge #5: A Single Species on Santa Cruz, Screens 59-61
Simulation Challenge #6: Speciation | on San Cristobal, Screens 52-70
Simulation Challenge #7: Potential Speciation on Isabela Islands, Screens
Types of Speciation, Screens 72-76

What is Evolution, Screens 77-80

Summary and Reflection, Screen 81

Common Student Issues/Misconceptions

Individual organisms do not evolve but populations of organisms do. All the activities
in this lesson emphasis this point.
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e Once misconception about natural selection is that is it a process striving to produce
organisms of greater complexity. Natural selection — and evolution more broadly —
is better thought to be a mechanistic process where variation, heredity, and
differential reproduction help facilitate what might appear to be a guided process.

Simulations
Simulation name: Challenge 1: Rainfall on Daphne Major Part 1 and Part 2
e Description: In this simulation students are to create a population of finches where
80% have large beaks over the course of 100 generations. Students can only control
levels of rainfall.
e Correct answer: In order to get a higher percentage of large beaked birds students
should limit the amount of rainfall on the island.

Simulation name: Challenge 2: Multiple Pressures on Fernandina

e Description: Now that students have a better understanding of how selective
pressures such as natural, sexual, and artificial selection can affect the traits in a
population, they are to adjust these parameters to see how they can create a
population where 80% of the finch population has large bodies over 30 generations.

e Correct answer: Students should make sure to adjust level of rainfall to “light” and
the mate preference to “selective”. Female finches tend to prefer males with larger
bodies. By increasing their mating preference, they are more inclined to mate with
large-bodied males. This allows the large-body trait to be passed onto future
generations.

Simulation name: Challenge 3: Initial Population on the Island of Floreana

e Description: On the Island of Floreana, most of the finches in the population have
large beaks. Students are to adjust the initial population parameters and selective
pressures such as rainfall and mate preference to shift the population so that 80% of
the birds have small beaks in 80 generations.

e Correct answer: Students will be able to create a next species in 80 generations if
they set their parameters in the following ways: initial population (around 600-980),
heavy rainfall and random mate preference.

Simulation name: Challenge 4: The Effects of Predation Rate on Hood Island
e Description: Here students experiment with what it must to make an entire population
of finches on Hood Island go extinct.
e Correct answer: In order to make an entire finch population go extinct students can
adjust the hawk predation level to 100%.

Simulation name: Challenge 5: A Single Species on Santa Cruz
e Description: Students are to try to keep the population of finches on the island of
Santa Cruz a single species for 60 generations.
e Correct answer: Students can prevent a new species from emerging by keeping
rainfall and mate preference at a middle point.

Simulation name: Challenge 6: Speciation on San Cristobal
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e Description: Students are to use the number of cacti and insects on this Island to
create two species of finch. Shift the traits in the population in two directions so that
there are finches with large and small bodies but very few with mid sized bodies.

e Correct answer: Two extremes in beak size are favored by increasing the amount of
insects and cacti on the island. After many generations, birds without either extreme
trait are not as common.

Simulation name: Challenge 7: Speciation on Isabela
e Description: Using the resources on both sides of the island and other variables,
students are to create two new species of finches from the original population.
e Correct answer: To become two different species, both groups on either side of the
island have to develop different traits. While they both started out with average-sized
beaks, one group developed large beaks while the other developed small beaks.

Activity Walk-through

1. Observing Species on Hood Island

Select Hood Island to begin your journey.

This is the first observational activity that students will encounter in this lesson. Students will
examine various species across the islands of the Galapagos. It is important that
students pay close attention to what makes each listed species different from each
other and how those differences could have emerged.
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What observatlons can you
—each-cf:-the spemes ‘on this |sland'?

Hood Nazca Hoed
Tortoises Booby Mockingbird

After clicking a white circle on a specific island (In this screen it’s the Hood Island) on
the map of islands, the students are brought to a page where they are to observe
three species. Each species is marked by a white circle (not visible in this
screenshot). Once students click the circle they are provided with a pop-up window
of the species that includes a description and pictures. The student is to use that
information to fill in the white rectangular text box next to the animal's name. If the
student is having difficulty locating the white circles, they are advise to drag around
the screen until they locate them. Once each text box is filled the student should hit
the “Next” button to be taken to Isabela Island.

2. Observing Species on Isabela Island

On your Jourhey

Isabela Island is up next! Select the sland to continue,
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This is the second observational activity students will encounter in this lesson. The same
directions apply to each island the student focuses on. Here the white circle denoting Isabela
Island can be seen. The same as in Hood Island, the student must click on the circle to be
taken to the ecosystem where the species they are to identify live.

What observations can you make for
~_each of the species on this island?

Galapagos —
““Mockingbird

()
After clicking the white circle students are taken to this page where they can click on more
white circles to collect information about the specific species that live on Isabela Island.
Students will enter their observations into the rectangular text box next to the species name.

3. Observing Species on San Cristobal Island

On your Journey

Select the island to continue, San Cristobal Island’s up next!
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Just like with the Hood and Isabela Island activity, students will click the white circle to be
taken to the San Cristobal island ecosystem.

g

Chatham = ; San Cristobal
Island Mockingbird
Tortoises

Students will continue to click on the white circles to find out information about the animals
living on San Cristobal.

4. Creating New Species

Core Challenge: Create a New
Species in 40 Generations

Your goal is to create a new species of
finch in 40 generations. Use the
knowledge you have of what causes
traits to shift to try to make a new
species emerge as soon as possible
(40 generations)

HELP
Click Next when you're ready to move on

BEAK LENGTH  BODY SIZE
100

50

nI I I B =
7 8

9 w1z o1

% OF CARRY CAP

® 500/2000 Population
1% Large Beak

500 v Maderate v

On this screen students will use a simulation to see whether they can create a new species
of finches in forty generations by adjusting for rainfall levels. This will prepare students to
consider factors such as initial population and environmental factors on speciation. The
importance of these factors will be discussed in greater depth later on in this activity.
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Challenge 1: Rainfall on Daphne

Major

There's a mission for you to complete
on Daphne Major. Before you can begin
this mission, you first need to refresh
your memory on how to use this kind of
simulation.

Click the icons placed
throughout the SIM to revisit the
different parts of this simulation

BEAKLENGTH BODY SIZE
100

% OF CARRY CAP.

D_IIIII_

n

NEXT -

Here students will use a simulation to study the pressure of natural selection on a population
of finches over time. Specifically, students will look at the effect of rainfall on different
species and pay attention to characteristics such as beak length and body size. This activity
is meant to introduce the concept of natural selection.

5. Natural and Sexual Selection on the Island of Fernandia

The pressures of natural and sexual Find out how these two forms of
selection are in effect on the Island of selection work to create a
Fernandina. ;
population where 80% of finches
[2) have large bodies in 30
generations.

100

50|

% OF CARRY CAP.

II.II-,
M 15

0 25 30 a5

@ 500/2000 Population
8% Large Body
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Rainfall Mate Preference
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In this simulation students will look at natural and sexual selection acting on a population
finches. The natural pressure will be the amount of rainfall while the sexual pressure is

denoted by mate preference.

6. Does a change in Beak Size Make a /new Species

Are the Large-Beaked Birds a New

Species?

A change in the rainfall (and therefore
seeds available) can be an example of
natural selection because it puts a
pressure on the finch population.
Finches with larger beaks are more fit to
survive and reproduce. But can having a
larger beak make the finches with that
trait a new species?

Take a look at your simulation.
Play the timeline to see if the
birds with the small beak and
large beak traits have become
two different species after 100
generations.

BEAKLENGTH BODY SIZE
100
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% OF CARRY CAPR.

® 500/2000 Population

Drought +
Rainfall

7. How Does the Initial Population of Finches Impact Speciation

Challenge 3: Initial Population on the

Island of Floreana

On the Island of Floreana, most of the
finches in the population have large
beaks. Adjusting the initial population
parameter and selective pressures, shift
the population so that 80% of the birds
have small beaks in 80 generations.

BEAK LENGTH  BODY SIZE

100

% OF CARRY CAP.
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In this activity students can adjust a number of variables in order to facilitate the speciation
of finch species. There are several combinations of adjustments that will result in a new
species emerging and the student should feel free to experiment.

8. How Does Predation Impact Finches on Hood Island?

Challenge 4: The Effects of Predation
Rate on Hood Island

Do what you must to make the
entire population of finches on
Hood Island extinct.

BEAK LENGTH  BODY SIZE
100

50

g— . I I I |

5 0 5 20 FEIE ] as

% OF CARRY CAP.

@ 1000/2000 Population

Heavy v
Initial Population Rainfall
Random ~ 0%
Mate Preference Hawk Predation

Here students will see how increasing the amount of predators will affect the population of
finches.Too much predation and the finches will go “extinct”, too little and there might not be
enough selective pressure to cause speciation.

9. How to Prevent Speciation

Challenge 5: A Single Species on
Santa Cruz

As you |learned earlier, speciation is  But does this always occur? In your In this challenge, try to

the process of a new species core challenge, you're asked to make 4
emerging. This process is sped up a new species emerge in a keeD the DODUIatlon of
the faster a population shifts their population. However, even when finches on the island of
traits. In other words, the faster trait  traits shift in a population, they do Santa Cruz a single
shifts take place, the greater the not always lead to the formation of a

species for 60 generations.

chance of a new species developing. new species.

% OF CARRY CAP.
El

L 1 15 20 25 30 35

@ 500/2000 Population

Drought »

Initial Population Rainfall

Random +

Hawk Predation
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In this activity students get to manipulate several variables representing environmental
pressures affecting a population of finches and are challenged with the task of keeping the
population as a single species. This is more easily achieved if the pressures are kept to a

minimum.

10. Create a New Species Through Dietary Choices

Challenge 6: Speciation on San

Cristobal

Use the number of cacti
and insects on this Island
to create two species of
finch. Shift the traits in the
population in two
directions.

To complete this challenge, you'll
have two new variables. Check to see
how each one works individually
before using both at the same time.

50

% OF CARRY CAP.

500 =
Initial

o~
NEXT 2> ‘mperature

IIII
8 s 10

n

|
12

® 500/2000 Population

Moderate v

Population Rainfall

None ~
Cactus Fruit

In this activity students are to adjust the abundance of different food sources (insects and
cacti) to see what effect this has on the finch population. The goal for students is to see if
they can create a now species by adjusting the prevalence of insects and or cactus fruit.

11. What is the Effect of Geological Boundaries on a Species

Challenge 7: Speciation on Isabela

Using the resources on
both sides of the island
and other variables, create
two new species of finches
from the original
population.

Is it possible for a mountain range
that divides a finch population to
create a new species? Find out.

% OF CARRY CAP.

NEXT =

100

BEAK LENGTH

0

BODY SIZE

1 12 13

o

7 8 2 10
@ 500/2000 west Population
500 v

Initial Population

Moderate v

Cadl v
Rainfall T

Termperature
Short v
Tree Height

Nane v
Inzects

None v
Cactus Fruit
LR 4

Hawk Predation

Random w
Mate Preference
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12. Finch Activity

An Explanation of Earth's Diversity

Match the finches to the best suited island

ANCESTRAL SPECIES ISLAND WITH LARGE TSLAND WITH SMALL
TTEEEEEE— SEEDS AS FOOD SOURCE INSECTS AS FOOD
SOURCE

ISLAND WITH FRUITS AS ISLANE WITH &

B THE MAIN FOOD SOURCE LOT OF HAWKS

(REQUIRES A HOOKED
EAK)

<>

In this activity students must apply what they learned about finch evolution and match up the
pictures of finches with a description of the environment they would likely be from given their

beak shape and body size.
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Unit 4 Time Traveller’s Guide to Life on Earth — Written in
Stone

Lesson Stats
e Average time spent: 0.5-1 hour

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 139

Lesson Flow

Welcome, Screen 2

Stories within the rock, Screens 3-16
Stacking Example, Screens 18-19
Construct a rock column, Screens 20, 26
Visualizing deep time, Screen 27

Time Traveling, Screen 29

560mya, Screen 30

65mya, Screen 31

Common Student Issues/Misconceptions
e Students often struggle with the concept of deep time and the varied methods for
dating rock and fossils.

Activity Walk-through

1. Stories within the rock, Screen 3

Screen List

1. Title Screen

2. Welcome

[ READING THE sTORY OF LIFE |

4. Stories within the rock 2

Stories within the rock

5. Test your Learning

6. Stories within the rock 3 What are fossils?
7. Test your Learning

8. Stories within the rock 4 Fossils are the remains of organisms; either their preserved remains or some trace of their existence.

9. Test your Learning How does an organism become a fossil? Most are preserved in rock layers beneath the surface of the Earth.
Let's look at one of the common ways that organisms can be preserved into fossils.

10. Stories within the rock 5

Below, put the images and descriptions in the correct sequence. You'll need to scroll to see all of the images and
descriptions.

11. Test your Learning

12. Stories within the rock &

13. Test your Learning

14. Stories within the rock 7 _

15. Test your Learning < > NEXT =
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Students are asked to put images and descriptions in order to determine how organisms can
be preserved into fossils. This slide helps students the basic fossilization process.

2. Stacking Example 1, Screen 17

Stacking and layers

Constructing sequence

Fossils are important to help us understand the
evolution of life over time. There is a compelling
story of life buried in the rocks in the form of
fossils, but in order to read the book of Earth,
you will need to know how to sequence events.
Let's use an analogy to get started.

Assume there is a stack of books
on an end table similar to this one.
Assuming that these books have
all been read once, which book
would you assume was the first to
have been read in the stack?

NEXT
ot €2

Students are shown how to construct sequences through using an example of stacking
books.

3. Construct a rock column, Screen 20

(Score : 0) @ Zuena M

Are rock layers the same?

9. Test your Learning

10. Stories within the rock § Constructing sequence

11. Test your Learning

In addition to body fossils and trace fossils,
events are recorded in the rock layers. Some
13. Test your Learning events are major, such as a volcano erupting,
while others are minor such as daily tides.

12. Stories within the rock 6

14. Stories within the rock 7

Here you see a sequence of rock that
represents a series of historical events

16. Stories within the rock 8 recorded in the rock record. Each layer
reveals something about the story of Earth.
The sequence of these layers reveal the

18. Stacking Example 2 order in which the story was written.

15. Test your Learning

17. Stacking Example 1

19. Stacking Example 3 5 =
Using the previous book on the

end table example, let's take a

21. Test your Reasoning moment to sequence the events
22 Finding the Age 1 here. In the boxes, sequence the
23. Question events >

8.1 bei

Using the stacking example, students are asked to sequence events to reveal the order in
which historical events were recorded in the rock record. Students will have to use
information from previous slides.
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Unit 4 Time Traveller’s Guide to Life on Earth — End of an
Era: Hell Creek, USA

Lesson Stats

Average time spent: 1-2 hours

Learning Objectives

See Instructor's Guide

Assessment
Max score: 154

Lesson Flow

Welcome, Screen 2

How to Move/Instructions, Screens 3-4
Intro Video, Screen 5

Your Prediction, Screen 6

Evolution of Terminology, Screen 7
Old/New Naming of the Boundary, Screens 8-9
Hall Creek, Screens 13-19

What Lived in Hell Creek, Screens 20-23
Tullock Formation, Screens 24-36

Hell Creek vs Tullock Video, Screen 38
Conclusion, Screen 41

Common Student Issues/Misconceptions

N/A

Activity Walk-through

1.

How to Move, Screen 3
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WELCOME

Throughout this immersive
Virtual Field Trip you will interact
with digital elements in a variety
of ways.

Satellite Map View

" For example, you can explore the
& location by clicking and dragging
= on the main image to the right

y with your ‘mouse’.

= Go ahead and ry it now.

: : ; NEXT > % SRR
= AR el T =~ = ¥

Students are taught how to navigate through this lesson by exploring the location. This slide
is important as it helps students understand how to explore the slides, which is different from
the lessons in the previous units. If students are having trouble with navigation, refer them to
this slide.

2. Hell Creek - Data Collection, Screen 14

DATA GoLLEcTIoN i

Now it's time to test the whole set of samples. Select the images = T : Screen List
you think contain fossils and click Test to see if you are correct. You — 3
will be graded on completion, not accuracy. s —~ RESTART LESSON

LARGE IMAGES
“Close Gigapan W

Students are asked to watch multiple videos and navigate through Hell Creek and then
determine which of these samples contain fossils. The slides after this ask the student to
determine whether each of the bone fossils are either a body fossil or a trace fossil. Students
might have trouble with determining which of these samples contain fossils, if so, ask them
to rewatch the videos in the previous slide.
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Unit 4 Time Traveler's Guide to Life on Earth — Rise of the
Animals: Nilpena Ecosystem

Lesson Stats

Average time spent: 1.5-2.5 hours

Learning Objectives

See Instructor's Guide

Assessment
Max score: 139

Lesson Flow

Introduction, Screens 1-2.

The Environment, Screens 3-13.

Deep time, Screens 14-26.

The Rocks, Screens 27-44.

Fossil Identification and Identification Key, Screens 45-109.
Build an Ecosystem, Screens 110- 406.

Review and Summary, Screens 407- 412.

Common Student Issues/Misconceptions

Students may struggle with the Deep Time drag-and-drop activity because they not
only need to take the order of the events into consideration but also the events
proximity to one another. It is crucial that students drop in an event icon into the
correct dotted box.

Students may also run into issues locating the various arrows and magnifying
glasses that are present during the fossil identification portions of this lesson. It is
crucial for students know how to maneuver in the 360 panoramic view of the Flinders
Ranges so that they can later find them as they appear in the lesson.

Simulations
Simulation name: Build an Ecosystem

Description: This simulation displays an undersea ecosystem that students can
manipulate the conditions of in several ways. The possible conditions include water
depth (shallow or deep), water type (tropical marine or freshwater), surface
conditions (waves with some storms or very still and calm water), and seafloor type
(rocky, sandy, or muddy). If students do not select the correct conditions in their first
try they can select “redo” until they achieve an environment that is most like that of
the Ediacaran.

Correct answer: Students are correct when they select the conditions that are most
like that of the ediacaran period.

Activity Walk-through
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1. Introduction to the Nilpena Environment

WELCOME

Hello and welcome.

During this immersive Virtual Field Trig
we will axplare the characteristics and
key features of the Ediacaran
enviranment at Nilpena.

| Satellite Map View

_ The Ediacaran is a key period in time
85 it gave rise 1o the first multicelluar
organisms on Earth.

To begin, please enter your first name
below. This will personalize your
experience throughout the lesson,

On this screen students will see for the first time the environment they will study throughout
the entire lesson. The first following slides introduce students to the Nilpena field site located
in the Flinders Ranges of South Australia. Students can click and drag on the screen for a
panoramic view of the landscape they are studying. Throughout their exploration students
are provided with informational videos critical to answering later video content questions.

THE ENVIRONMENT

Watch it!

Would you beliave that the area you see here today
was underwater and on the ocean floor? The video
below explores a bit about Nilpena, where it is, and
a brief ovarview of its importance.

Satellite Map View
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This screen is the first of several screens that include an informational video about the
Nilpena ecosystem and the many fossils found in the beds found there.

.|

THE ENVIRONMENT

Review it!

According to the video you just watched,
select which answer describes when the
|
. Ediacaran Period tock place?

Satellite Man View

") Just after the formation of the Earth
(1 Just after the dinosaurs went extinct

’ {1 Just after the woddwide glaciztion

" ' \ )

After watching the informational video students must answer questions related to the content
of the video.

2. Deep Time Intro (Screen 16)

Map View

Satellite

Taoillustrate this concept of deep time, we will look at

seven key events that have happened throughout

geologic time.
Click on the top most icon above, representing the "Earth's Formation”.
Then click each of the ather circular icons to view what event they
reprasents.

Pay close attention to the order of events and when they occured in
geologic time. You will need to demonstrate that you understand this
information later in the lesson.

Page 74 of 254



This screen introduces students to the concept of “Deep Time” with event markers that help
students make chronological sense of when the Ediacaran period was in respect to the other
time periods.

Deep time timeline activity (Screen 24)
bidje}"(_}ﬁd Nilpena Ecosystem

(Score : 15.33) Q@ Bianca Zietal =
- Pt

DEEP TIME
Based on the seven historical events you just examined,
Drag the markers below to where they occur on the timeline.

(NOTE: Not every box will have a marker. The first one has been done for you.) Use the boxes as quides

Earth
Forms

Satellite Map View

46 4.0 35 30 16 10 06 (]

. 25 20
Earth Forms BILLIONS OF YEARS i

Snowhall

Dinosaurs Rise of Earth

Humans First life Oxygen

SRS

SUBMIT >

Using the information presented on the previous slides about Deep Time, students are to
arrange the events in chronological order.

3. Where to Look: Parv Fossil Bed Exercise (Screen 27)
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THE ROCKS

Where to lock.

In this section we are going to briefly examine the
type of rock that has formed here in Nifpena which
ilized and p these ongani; B

In the Virtual Field Trip enviomment you will notice
that there is a “new link” availatle that will now
allow you to move to an additional location - it

" looks like the image below.

" Lock around and find that new link, then click
on it to explore the new location. The bocation
is up on the ridge on the next hill. This new
location is called the Parv Bed locality. Takea
moment to look at the rocks in that area before
continuing.

Range and are tasked with locating the Parv bed fossil site (marked by a labeled moving
arrow).

Investigating Rock Layers (Screen 29)

THE ROCKS

How are the rocks layered here?

Look around in Virtual Field Trip until you notice
" & section of the Parv Bed Locality outcrop with
rocks that look like they are stacked or layered.

Click on the button below to make sure you are
|ooking at the correct area.

v i Pl -l - ’ NEXT > o X R i
Ao K - A s e

R -~ S <

After clicking the moving arrow for the Parv fossil bed students are shown a stack of rocks
where the fossils are found. This is the first of three fossil beds in the lesson and serves to
introduce students to navigating the learnspace while also asking relevant questions.

Taking a Closer look at the Parv Fossil Bed (Screen 45)
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FOSSIL IDENTIFICATION

How do we know if what we see is a fossil?

The rocks of the Ediacaran Period are =pecial in that it iz
the first time in histary that we are able to pick up a rock
and see a fossilized organism without using &
microscope. The organisms that existed during this
time were unigue with interesting features and
characteristics.

' atellite Map

& time

m |7 this next activity, you are going to locate and identify
two fossils on the Parv Bad at Nilpena.

Local weather

y A g s
P T e

On this screen students will for the first time in this lesson actively inspect a fossil bed (Parv)

and determine the kind of fossils they find.

Screen 47

FOSSIL IDENTIFICATION KEY

How to locate and identify fossils on the beds:
‘You will notice that there now isa Zoom

ieon {magnifying glass) located on the center of
the fossil bed in the Virtual Field Trip.

@

By clicking on this icon it will open a high
resolution gigapixel image of the fossil bed.

Satellite Map View

[
Lacal weather
& time

These images will allow you to zoom in to see
very small features on the bed's surface. Use the
(+] and {] tools to zoom in to see fine details of
the fossil's features.

NEXT =

Students must practice moving the screen in order to locate the magnifying glass icon.

Clicking this icon will take them to a screen where they can identify the fossil types present

in the Parv fossil bed.
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FOSSIL IDENTIFICATION KEY

How to locate and identify fossils on the beds:
‘You will notice that there now is a Zoom

icon {magnifying giass) located on the center of
the fossil bed in the Virtual Figld Trip.

&

By clicking on this icon it will apen a high
N resoiution gigapixel image of the fossil bed.

These images will allow you to zoom in to s2e
very small features on the bed's surface. Use the
{+) and (-} tools to zoom in to see fine details of
the fossil's features.

" Close GigapanW
When a student selects the magnifying glass they are brought to a screen displaying the
various fossils in the Parv fossil bed.

Screen 50

FOSSIL IDENTIFICATION KEY

FOSSIL IDENTIFICATION KEY

How to locate and identify spe General Fossil Shape:

) option1
of winki

‘THESE ARE THE FOSSILS YOU NEED TO
IDENTIFY.

T Giose Gigapay
When a student clicks on a picture of a fossil they are brought to a screen where they can
use their observational skills to identify the fossil.

4. T3 Fossil Bed (Screen 76)

Page 78 of 254



F
FOSSIL IDENTIFICATION KEY

Locate and identify a specific fossil en Bed T3.

In addition to the new icons that reveal fossil data, there is.
an additional link back to the "Main Fossil Bed” quarry.

At the Main Fossil Bad Quarry location you will natice
Zoom icon (magnifying glass) located on the center of
that fossil bed also.

Similar to how you located fossils on the Parv Bed, you
niow will identity 2 fossil on Bed T3.

Open the Zoom Tool on Bed T3 and locate the new set of
snapshots.

IDENTIFY THE FOSSIL IN THE SNAPSHOTS ON BED
T3 IN THE SAME WAY YOU DID PREVIOUSLY.

" Obszrve the fossil and identify its ssientific name by using
the FossilID key

Click “ID Key” when you are ready to begin

| Satellite Map View

Vicrobial mate

\ ; CONTINUE & X

Once on the T3 fossil bed, students will click each individual magnifying glass in order to
view the fossils that are within the rock layers and make observations about those fossils.

Page 79 of 254



5. T3 fossil bed to T4 fossil bed

FOSSIL IDENTIFICATION

The role of microbes.

Micrabial mats are complex communities of microerganisms (singie celled
organisms), usally organized into layers, that can be seen with the naked eye. Simple
mats can be found in streams, lzkes and soils, even in drinking fourtains and rain

gutters!

Microbial mats are the earliest form of life an Earth for which there s goad fossil
evidence, from 3.5 billion years ago, and have been the most important members and
maintziners of the planet's ecosystems. The best known shysical forms are flat mats
and stubby pillars called stromatolites.

In the Ediacaran Period microbal mats covered large areas of the seafloor and
provided food for the animals that grazed over them.

e , . Vi SRR
PR s e R L L P e

After clicking the moving green arrow for the T4 fossil bed, students are brought to a screen
where they can again continue to explore what fossils are present in the rock layers by
selecting the magnifying glass.

Fossil Concept Map (Screen 108)

!FOSS!L IDENTIFICATION

Connect each fossi to its description

1 | Worm like arened head

llite Map View

Sate

AW

| Disk w3 spirzl ams |

| Pavancorina |

| val witn s=gments | | Leaflkefrond |

Click and drag to move nodes around.

SUBMIT
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On this screen students will apply what they have observed about the fossils across several
fossil beds and match the descriptions of the fossils to their names. If students forget they
can always go back and review the fossils they encountered.

6. Build your own environment

YPE OF WATER

Select the water type
that was present in
the Ediacaran
environment at
Nilpena?

i

Satellite Map View

Tropical marine

Fresh water

Here students have the opportunity to replicate the environmental conditions of the
Ediacaran period by building their own ecosystem. The first condition students can
manipulate is the type of water (tropical marine or freshwater) their ecosystem will contain.
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ATER DEPTH

Select the water
depth of the Ediacaran
environment at
Nilpena?

Tropical marine water

Satellite Map View

Shallow water
~ lessthan 30m
abundant
sunlight

) ?

H “

| Deep water
more than 200m

little to no
sunlight

The second condition students can manipulate in their ecosystem is the depth of water
(shallow or deep).

SURFACE WATER

Select what the
surface water was
generally like in this
environment?

Tropical marine water

Satellite Map View

") Waves with some
~ storm events

Very still and calm
© water

The third condition that students can manipulate is how turbulent the surface of the water is
(waves with some storm events or still and calm water).
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EAFLOOR Tropical marine water m

Select the type of
the seafloor
sediment?

Rocky

Satellite Map View

() Sandy

Muddy

The fourth condition students can adjust is the composition of the seafloor (rocky, sandy, or
muddy).

HE ENVIRONMENT

The environment that
you have built is not
ideal for supporting
the type of organisms
that lived during the
Ediacaran Period at
Nilpena.

Tropical marine water

Satellite Map View

Click on each ! icon
and watch the videos
in order to understand
¢ what needs 1o be
changed.

ocal weather
& time

Then click the "redo’
button below to
rebuild your
envirenment.

If the environmental conditions selected by students do not match with the conditions of the
Ediacaran period, students should rewatch the informational videos from earlier slides that
are conveniently provided and marked by exclamation marks. The information provided in
these videos will guide students in selecting the correct conditions for replicating the
Ediacaran ecosystem.
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THE ENVIRONMENT

Putting it all together.

Now that you have explored what the environment was like during the Ediacaran
Period at Nilpena, use what you have learned to answer the questions below.
Select a feature from each of the four choices that existed in that environment.

Satellite Map View

Water Depth

() Shallow water less than 30m - abundant sunlight

|| Deepwater more than 200m - little to no sunlight

Water Type

|| Tropical marine ) Fresh water

Surface

| Waves with some storm events

|1 Wery still and calm water

Seafloor
| Rocky '_-Sandy

SUBMIT >

After successfully building an environment resembling the Ediacaran period, students must
answer the following questions to review the conditions they found were conducive to
making such an environment. Answering these questions again allows the student to
compare their previous assumptions with what they learned throughout the course.
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Unit 4 Time Traveller’s Guide to Life on Earth — First
Signatures of Life: North Pole, Australia

Lesson Stats

Average time spent: 1-2 hours

Learning Objectives

See Instructor's Guide

Assessment
Max score: 52

Lesson Flow

Welcome, Screen 2

Orientation, Screen 3

North Pole Dome, Screen 4

Age of the Rock, Screen 5

Review Life of Nilpena, Screen 6
Explore, Screen 8

Identifying Signs of Life, Screens 10-15
Explore Again, Screen 16

Are There Others Here?, Screen 17
Stromatolites, Screens 22-25

North Pole Conclusion, Screen 26
The Final Chapter, Screen 32

Common Student Issues/Misconceptions
Students often struggle with comparing stromatolite evidence to the surrounding
geology, as it is not easily identifiable as biological compared to prior fossil evidence

they have seen.

Activity Walk-through

1.

Orientation, Screen 3
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WELCOME

Take a moment to look around the
area and orient yourself to your
surroundings.

Satellite Map View

Once you have looked around,
move to the area you think is the
outcrop we will be investigating.

i . NEXT-> - 5
Students are taught how to navigate through this lesson by exploring the location. This slide
is important as it helps students understand how to explore the slides, which is different from
the lessons in the previous units. If students are having trouble with navigation, refer them to

this slide.

2. Signs of Life, Screen 9

(Score : 0) @ zuens Mushtaq i =

_m e

Let's see if you are on the right track. From the thumbnails below, choose one image
you think contains possible signs of life. RESTART LESSON

Screen List u

Saterte Nrap view

Images are numbers 1 - 6. The image numbered as “1" is the first image in the zoom
image (left) and the image numbered as "6" is the last image in the zoom image (right).
You can review these in greater detail in the Zoom View you have been exploring.

Click one image you think contains a possible sign of life.

Students will be asked to choose which images shows possible signs of life and then asked
questions based on their choice.

3. What are Stromatolites?, Screen 23
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l | WHAT ARE STROMATOLITES?

’;' To learn more about stromatolites, click on the information
buttons provided on the image below. At the conclusion of your
exploration you will be asked a series of questions about these

structures. Pay close attention to the details.

1

they change v
the world? they formed?

Why are
they
important? they formed?

Satellite Map View

e finished their

exploration, they will be asked questions regarding what they have read.
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Unit 5 Into the Cell: Into the Animal Cell

Lesson Stats
e Average time spent: 45 minutes - 1 hour

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 650

Lesson Flow

Introduction, (Screens 1-2)

Intro video of volleyball player jumping, (Screen 3)

Animal nerve cell interactive including cell map, (Screens 4-5)
Representations Lessons, (Screens 6-10)
Conclusion/Feedback, (Screens 11+)

Simulations
Nerve cell simulation

Activity Tutorial

1. Animal cell simulation

J
,Aolmauon, e

@ Energy

See this tutorial video for an introduction to the interactive unit and how it functions.

Students will be tasked with exploring an animal cell and using functional units to make
actions occur within the muscle cell. The goal of the lesson is to help students conceptualize
the processes that occur within a cell and how they contribute to the macroscale actions of a
volleyball player.

a) View from afar before students click onto the smaller elements.

Page 88 of 254


https://vimeo.com/179246087
https://vimeo.com/179246087

Mission Control

Get the nerve cell to fire

Information
: @'Ene‘rgy

\

DROP_ MOLECULES

HERE TO BRING .
THEM TQADTHER Action
LOCATIONS
)

b) Students are to click and drag the glucose food molecule (blue) into the glucose channel
(marked with a blue arrow) to begin the journey.

Bring a food molecule into the cell

FOOD MOLECULE (glucose)

DROP WOLECULES
HERE TO BRING THEM
T0 OTHER LOCATIONS

;i.ﬁfpm;iaﬁt:)h’ =
@ Energy

DROP MOLECULES )
HERE TO BRING THEM
TO OTHER LOCATIONS

d) View from inside the cell as active processes occur all around the viewer.
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Mission Control

Break down a food molecule

@ Energy

Action ' fr’. ' V

e) Once inside, click and drag the food molecule to the inventory (bottom left) to save it for
later use.

—

Information
2 @ Energy

. Action

f) Breakdown the food molecule (blue) at the glycolysis enzyme (light green molecule
shaped like a Y) by dragging it onto the enzyme.

4

Break down a food molecule

~ Information
3 @ Engrgy

Action

g) Breaking down the glucose will give 2 pyruvate molecules (light blue).
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PYRUVATE (carbohydrate)

broken down food molecule
| gets processed into energy molecules

Action

i) Find the mitochondria (red structure) and drag the pyruvate onto the mitochondria to break
it down into ATP energy.

@\_"';:
C’: o) o Generate energy for the cell

2\ Information

@ Energy
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Information
@ Energy

j) Collect the three ATP energy molecules (yellow molecules) and drag them into your
inventory for later use.

Get the genetic blueprints for nerve firing

7

ENERGY MOLECULE
& | powers nearly all cell processes
Gk

produced in the mitochondria
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Information

Energy

@ Action

k) To collect the genetic material, go inside the nucleus (large pink structure) by clicking on
the blue arrow.

-~

(9;;) Information
=

TN -
%) Energy

{\@ Action

m) You will find the DNA strand connected to the polymerase enzyme (orange). Click and
drag one ATP into the center of the enzyme to start making a RNA copy.
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Get the genetic blueprints for nerve firing

=\ Information
08

Information
) ;@Ene /

n) Collect the RNA copy of nerve firing protein and save it to your inventory.

Encodes the recipe for proteins that

control nerve firing.

RNA carries genetic information from
| nucleus to ribosomes

Information
3 @ £
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Information

¥
.
Action

#

0) Next, exit the nucleus to find the ribosome.

Build the proteins that will enable the nerve cg

RIBOSOME

Information
: @ Energy

p) Give the ribosome the nerve firing RNA (red) AND one energy molecule saved from
before (yellow).
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RIBOSOME

ormation

@ Energy

q) This will produce the nerve firing protein (red ball shaped molecule). Collect the nerve
firing protein and place it in your inventory.

Information
2 'L 1 @Energy

Action

. Information
@ Energy

Action
Protein - nerve firing

Special proteins surround this sac o
that help the nerve fire. Bring it to th

r) Go to axon tunnel, click and drag the nerve firing protein to release it into the axon.
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Fire the nerve

Information
@ Energy
@ Action
s

IMPORTANT!
Before finishing the simulations student must complete the animal cell map.

Animal cell

CONTROL

Get the nerve call ta fire

ACHIEVEMENTS

OMING
o

e |t should be noted that this section of instruction is graphically intensive and using a
Chrome browser on a PC/Mac is the best setup for fluidity in the animations.
Students with computers that are not up to date on all updates may find themselves
unable to complete the lesson.
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2. Representation lessons -- what are the strengths and limitations of a 3D simulation
like the one we included?

Many mitochondria

Whether it's a plastic model, a flat textbook
diagram, or an interactive, three-dimensional
cell -- no representation is ever complete.

Even photographs from real instruments
reveal parts of reality, but leave others
unseen.

Take the fact that the 3D cell you saw only
has a few scattered mitochondria in it. In
nature, the average animal cell may have
closer to 10,000 mitochondria. Which of the
below is a likely reason the 3D cell
simulation only shows a few mitochondria?

It would take forever to draw 10,000
mitochondria.

With 10,000 mitochondria, the cell would so
crowded that you wouldn't be able to see much.

It would be harder to move around the cell from
place to place.

That many mitochondria could kill the cell.

Simplifying the way we represent certain things
makes them easier to learn about and
understand.

This set of screens asks students to consider how the 3D simulation is a representation that
diverges from reality in order to facilitate learning. And that all visualizations have strengths
and drawbacks.

3.Feedback screen - we ask students to answer a few questions about the quality of their
learning experience.

What did you think?

We'd love your
feedback on the
interactive cell
experience -- what
you enjoyed, and

what we can
improve.
1. What parts of the interactive 3D 3. Do you think we should use the
experience did you enjoy most? interactive 3D approach i other lessons?
If 5o, which other lessons and why?
ENTER ANSWER ENTER ANSWER:
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Unit 5 Into the Cell: Into the Plant Cell

Lesson Stats
e Average time spent: 20 minutes

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 100 points for completion of plant cell map

Lesson Flow
e Plant cell simulation exploration

e Completion of plant cell map

Simulations
Plant cell simulation

Activity Tutorial

1. Students will freely explore the plant cell and learn what organelles are

present.

2. Students will open the cell map as they move through the plant cell (100pts).

Plant cell

The plant cell lesson s finished

‘when the map s complete.

Unit 5 Into the Cell: Into the Bacterial Cell

Lesson Stats
e Average time spent: 20 minutes

Learning Objectives
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e See Instructor's Guide

Assessment
Max score: 100 for completion of bacterial cell map

Lesson Flow
e Bacterial cell simulation exploration

e Completion of bacterial cell map

Simulations
Bacterial cell simulation

Activity Tutorial

1) Students will freely explore the bacterial cell and learn what organelles are
present.

2) Students will open and complete the cell map as they move through the cell
(100pts).

Bacteria cell

Unit 6 Searching for Signatures: The Chemical Basis of Life

Lesson Stats
e Average time spent: 1-2 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 174
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Lesson Flow
e Introduction, Screens 1-2
The Atom, Screens 3-6
Atomic Structure and Summary, Screens 7-18
Elements and Atomic Bonds, Screens 19-22
Polymers, Screens 23-27
Cell Components, Screens 28-30
Bond Review, Screen 31
Polar/Hydrophilic Molecules, Screens 32
Types of Bonds, Screens 33-36
Reflection and Summary, Screens 37-38

Common Student Issues/Misconceptions
e Students sometimes have difficulty understanding the role charges play in bonding
and polarity.

Simulations
NA

Activity Walk-through

3. Matching Atomic Details (Screen 16)
Screen List @

1. Title .

: Atomic Structure Summary
3. Components of Cell Structures
4. Atoms and Bonds

5. Atomic Structure 1

P — Fill in the table below to describe the characteristics and location of the particles that make up
7. Atomic Structure 3
B Al Sk : Particle Chargs Mass Location
9. Atomic: Structure § Electron

10. Atomic Structurs 6

11. Atomic Structure 7 - . - Nucleus
12. Atomic Structure 8

13. Atomic Structure 9 = 0

14. Atomic Structure 10

15. Atomic Structure Summary 1

17. Atomic Structure
18. Elements

19. Chemical Symbols
20. Elements

21. lonic Bonds

22 Covalent Bonds

On this screen students will apply what they learned about atomic structures and fill in the
missing segments in the table.

4. lonic Bonds (Screen 21 and 22)
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6. Atomic Structure 2

7. Atomic Structure 3 ATOMIC BONDS

B. Atomic Structune 4.

9 M S lonic Bonds
10. Atomie Structune &

11. Atomi¢ Structure 7

12. Atomie Structure 8

13. Atomic Structure §
When two or more atoms bond with each

14, Atomic Structure 10 other, they do 5o by ither sharing or : .
transferring a part of themselves called an oo AEEEE
15 Atomie Structure Summary 1 electren, a small negatively charged K I g Y g
16. Atomie Structure Summary 2 particls o u #
17. Atomie Structure One type of bend, where an electronis : ol A el
transferred between atoms is called an e =
18. Elements i band BL Eaeial 4

19, Chemical Symbots
ical E lonic bonds are fairly rare in biolagy but

20, Flements commen in geology. they tend to form «
between elements which are far apart on s =
the periodic table. P w

22. Covalent Bonds

23. Polymers: Nucleic Acids

Which of the following

compounds is likely to have
25. Polymers: Carbohydrates ionic bonds?

24. Polymers: Lipids

26. Polymers: Proteins

H.0 (water)

27. Polymers: Functions

C'H, (methane)

28 Compartments

NaCi (salt)

2. Membrane Components

€0, (carbon dioxide)
30. Phospholipid Arrangement

31. Bond Review
32 Polar/Hydrophilic Molecules

33. Hydrogen Bonds

6. Aomic Structure 2

7-Atomio St ATOMIC BONDS

9. Aomic Structure § Covalent Bonds

11. Atomic Structure 7

12. Atomic Structure 8
13. Atomic Structure . } " e
One type of bond, where an electron is " - ¥ ix
14. Atomie Structure 10 shared between atoms is called a covalent oo ol el | o) B
bond . Al
15. Atomie Structure Summary 1 " 5l el B
15 Al Sog Sy . Govalent bonds are found in many = 5
molecules, especially those in biology, and e Y oa PR
17. Atomic Structura tend to accur between elements close to “w = R
each other on the periodic table of o o . o T o .
18 Elements elements, shown below. CAE -l T
19. Chemical Symbols
You may remember that the most common 15 DU v o S o i 0 0 o i
20, Hamants elements of life are S, R, O, N, C, and H S g ) P e i

21. lonic Bonds

What type of bond do you think
they usually form? (Hint: H often
24. Polymers: Lipids acts like it is above F, rather than
25. Polymers: Carbohydrates above Li)

23. Polymers: Nucleic Acids

26, Polymers: Proteins Covalent
27. Polymers: Functions lonic
28. Compartments Hydrogen

29. Membrane Components Permanent

30. Phospholipid Arrangement

31. Bond Review

On this and the subsequent slide students will learn about ionic and covalent bonds which
will be important in the following screens and the throughout the course.

5. Matching Polymer Functions (Screen 27)

Page 102 of 254



Screen List | POLYMERS

12 Atomic Structure 8

12 Ao it Functions

14. Atomic Structure 10

15. Atomic Structure Summary 1 —

16. Atomic Structure Summary 2

Each class of polymer, and its associated

17. Atomic Structurs :
monomer, also performs several specific

18. Elements functions in the cell. Listed in the chart

below are the names of each polymer, its
16 Chmniosl ymbole associated monomer, and the functions it
20, Haments may perform. Fill in the chart using your new

knowledge about biological
21. lonic Bonds macromolecules
22. Covalent Bonds

Polymer Monomer Functions
23. Polymers: Nucleic Acids ‘ | ‘
24 Polymers: Lipids Speed up reactions, aid
in mavement,
25. Polymers: Carbohydrates . Amino Acids contriburte to structure,
perform functons of the|

26. Polymers: Proteins. cell

Energy storage. assist
Carbohydrates = in structure
28. Compartments

29. Membrane Companents
Store and transport
Nucleotides nformation, speed up
reactions

30. Phospholipid Amangement

31. Bond Review

32 Polar/Hydrophilic Molecules

33. Hydrogen Bonds

In this activity students will apply what they learned about monomers and polymers and fill in
this general table summarizing the primary points.

Unit 6 Searching for Signatures: Gathering Energy

Lesson Stats
e Average time spent: 1-2 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 75

Lesson Flow

e Introduction on Nutrients in Food, Screens 1-3
Carbohydrates, Screens 4-8
Cellular Respiration, Screens 9-12
Trophisms and Different Sources of Energy, Screens 13-19
Chemistry Review, Screens 20-28
Electron Acceptors and Donors, Screens 29-30.
ATP the Energy Storage Molecule, Screens 31-32
Reflection and Summary, Screens 33-34

Common Student Issues/Misconceptions
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e Another point of difficulty for students is reading and interpreting energy graphs. If
students have difficulty with graphs they are provided the option to complete a quick

graphing review.

e Students sometimes have trouble understanding the role electrons play in cellular
respiration. “Keeping track” of where the electrons go in terms of energy acceptors

and donors can be a challenge.

Simulations
N/A

Activity Walk-through

1. Energy Needs (Screen 6)

|£AH.EGHY§}RATE I
Energy Needs

Carbohydrates are important nutrients that
supply energy for pretty much everything
that happens in our cells. Our bodies break
down larger carbohydrates into the sugar
glucose, which is used to power our
muscles, nervous systems, and more. To
the right is a graph of what happens to
glucose as our bodies break it down for

energy.

Which molecules are present,
increasing, decreasing, or
staying constant in the graph to

the right?

Observation

Carbon dioxide (C0,)

Nitrous oxide (NQ)

Glucose (CsH1205) <

> / DIOXIDE (O

Why do the lines on my graph look jagged?

Here students practice reading a graph and consider what products are given off when
carbohydrates are used up by the body. Students should pay attention to the inverse
relationship between the glucose and carbon dioxide molecules.

2. The Relationship Between Heterotrophs and Photoautotrophs (Screen 17)
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Photoautotrophs and
Chemonheterotrophs

You may wonder, "What have you done for
me lately, photoautotroph?” Well,
photoautrophs actually do a lot for
chemoheterotrophs like us. With the Sun's
help plus some water and the carbon
dioxide (produced by the cellular respiration

Use the pull-down menus to

label the diagram below with
the different organism types
based on how and what they
eat:

of humans and other animals),
photoautotrophs provide oxygen for us to
use and sugars for us to eat.

<

Sun y

y

N4

| PHOTO-
SYNTHESIS |

<
On this screen students will consider the relationship and differences between types of

organisms. Students are to use the pull-down menu to label the diagram below with the
different organism types based on how and what they eat.

OXYGEN
SUGAR

\
\ceruan |
RESPIMTION‘

3. Sorting Organisms into Different Trophisms

Trophism Sort

Drag and drop the organisms below into the
categories that describe how they obtain energy:

i 3
ﬁhl /'f/é/

s: Light, water,  Uses: \
organic molecules.

Mold
Uses: Oxygen, u
organic molecules e:gam:: rokouss.  carbon dovis

Slu\h

s: Light, water,
asrhon cloolca

Photoautotrophs Chemoheterotrophs

< >

In this activity students will directly sort different organisms into the respective categories of
photoautotrophs and chemoautotrophs based on the descriptions of each image.

4. Atomic Structure Review
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| CHEMISTRY REMEDIATION |

Atomic Structure Review

In chemistry, you learned about the
structure of atoms. See if you can fill in the
table below with the properties of each part

of an atom.
Component Name Mass Charge Location
v v +1 v
- - 0 v
4 - 1 -

< >

On this screen students will recall basic chemistry information that will prove crucial for their
understanding of the rest of activities.

5. Electron Acceptors (Screens 29)

| CHEMICAL BONDS |

Electron Donors

Once electron acceptors NAD* and FAD have the electrons, they become NADH and FADH,, respectively. Similar to a
bus that lets on and off passengers, the NAD+ and FAD are like a empty buses while NADH and FADH; are like full
buses. The passengers are high-energy electrons with a final destination of oxygen.

NADH and FADH; are called electron donors since they donate electrons to oxygen in the final step of cellular
respiration. Once the NADH and FADH; give up electrons to oxygen, the final electron acceptor in aerobic (with
oxygen) cellular respiration, they return to their "empty bus” state of NAD+ and FAD and can return to earlier steps in
cellular respiration to accept more electrons.

Electron donors give up electrons, but NADH NAD+ FADH:z FAD
where do they go? Show where you think
they go in the activity below:

— "

Drag the electrons below to only the final electron acceptor in cellular respiration.

A r Y &S

% 4
4 S

Electrons Glucose Oxygen Water  Carbon
Dioxide

¢

On this screen students will see the important role that charges play in facilitating chemical
reactions and energy transfer. Students will become more familiar with the specific
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molecules involved in a number of metabolic processes that will be mentioned later on in the
following lessons.

6. ATP to ADP in Schematic Form (Screen 32)

ATP to ADP

Explore the structures of ATP and ADP as represented by visual schematics. Drag the correct images from the
column on the left below into the grey rectangles on the image on the right to complete the visual shorthand of ATP
releasing energy in cells. Use the shorthand in words as a reference: ATP = ADP + P + Energy

Drag from here

ATP PHOSPHATE ENERGY ADP

On this screen students will become more familiar with the critical energy molecule, ATP.
Students will practice dragging and dropping the various monomers to build the molecules.

Unit 6 Searching for Signatures: Energy Challenge —
Respiration

Lesson Stats
e Average time spent: 1.5-3 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 273

Lesson Flow
e Introduction, Screens 1-2
e Cellular Respiration Graphing, Screens 3-4
e Glycolysis, Screens 5-13
e Choose Your Path, Screen 14
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Fermentation, Screens 15-22

Anaerobic Electron Transport, Screens 23-30
Krebs Cycle, Screens 31-36

Electron Transport Chain, Screens 37-43
ATP Synthases, Screen 44

Reflection and Summary, Screens 45-46

Common Student Issues/Misconceptions
e Students learning about cellular respiration for the first time sometimes have a hard
time understanding which among the different energy generating pathways is
necessary for the others to progress. The various simulations in this lesson help to
illustrate how products of glycolysis are necessary for the Krebs Cycle and later the
Electron Transport Chain.

Simulations
Simulation name: Glycolysis Energy Challenge
e Description: This simulation will take students through the steps of glycolysis by
allowing them to drag and drop the molecular ingredients necessary to run the
pathway.
e Correct answer: Students must drag and drop the correct molecules in order to
activate glycolysis. Once they have done that and successfully generated enough
ATP they can move on.

Simulation name: Fermentation + Glycolysis Energy Challenge
e Description: This simulation will take students through the steps of fermentation by
allowing them to drag and drop the molecular ingredients necessary to run the
pathway.
e Correct answer: Students must drag and drop the correct molecules in order to
activate glycolysis and glycolysis without oxygen (fermentation). Once they have
done that and successfully generated enough ATP they can move on.

Simulation name: Krebs Simulation
e Description: This simulation will take students through the steps of the krebs cycle by
allowing them to drag and drop the molecular ingredients necessary to run the
pathway.
e Correct answer: Students must drag and drop the correct molecules in order to
activate glycolysis and the Krebs cycle. Once they have done that and successfully
generated enough ATP they can move on.

Simulation name: Electron Transport Simulation
e Description: This simulation will take students through the steps of the electron
transport chain by allowing them to drag and drop the molecular ingredients
necessary to run the pathway.
e Correct answer: Students must drag and drop the correct molecules in order to
activate glycolysis, the Krebs Cycle and the Electron Transport Chain. Once they
have done that and successfully generated enough ATP they can move on.
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Activity Walk-through

1. Cellular Respiration Graphing Activity (Screen 3)
Energy Challenge

3. Cellular respiration overall

4. Graphing remediation

Glycolysis In a eukaryotic cell
The first tep in cellular respiration is called ]
glycolysis where glyco=glucose and [ o |
Iysis=break down. Glucose is broken down
part way in this first step. Let's take a ook
atsome of the detalls

3. What's happening inthe oe? The graph ta the right represents the
process of glycolysis in a eukaryotic cel,
10. Symbols in Glycolysis: Glucose/Patiway

11. Symbols in Glycolysis: Electron Carriers Read the graph, then mark whether each
chemical listed is increasing, decreasing, or
canstant over time, or not present:

12. Symbols in Glycolysis: Energy

13. Pause and Reflect: Glycolysis

Observation

14. Oxygen or no cxygen?

Carbon dioxide (COz)
15. Fermentation intro
16. Fermentation practical info Pyruvate (CaHgOs) -
17. Fermentation inputs and outputs Glucose (CgH120g)
18. Fermentation + Giycolysis ensrgy challenge Nitrogen gas (Nz)
19. Fermentation: Which traces were left? ATP
20, Fermentation: Net effects

Oxygen (0g)

21. Fermentation: Purpose
22 Symbols in Fermentation
23. Anaerobic electron transpart chain

24. Methanogens

25. Anaerobic electron transport inputs and outpiiRY >
This screen is the first of several instances where students will practice reading and
interpreting a graph to understand what inputs and outputs are involved in glycolysis and a
variety of metabolic pathways.

2. Glycolysis Energy Challenge (Screen 6)

1. Cover Screen
2 Introduction

3. Cellular respiration overall
4. Graphing remediation

. First step i cellular respiration: Glycolysis

7. Glycolysis: Inputs and autputs

8. Glycolysis: Net effects

9. What's happening in the cell?

10. Symbols in Glycolysis: Glucose/Pathway
1. Symbols in Glycolysis: Electron Carriers

12. Symbols in Glycolysis: Energy

13. Pause and Reflect: Glycalysis

14.0uygen or no axygen?
15. Fermentation intra

16. Fermentation practical info

17. Fermentation inputs and outputs

18. Fermentation + Glyoolysis encrgy challenge
19. Fermentation: Which traces were loft?

20. Fermentation: Net effects

21. Fermentation: Purpase

22. Symbols in Fermentation

23. Anserobic electron transport chain

24. Methanogens

25. Anaerobic electron transport inputs and outpili 4 > m
After reviewing the general things that happen in glycolysis from the graph on the previous
screen students will use the simulation to visualize what products are needed to run
glycolysis.
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3. Net Effects of Glycolysis

1. Cover Screen
2. Introduction

3. Cellular respiration overall

4. Graphing remediation

5. First step in cellular respiration: Glycolysis

6. Glycolysis energy challnge

8. Glycolysis: Net effects

9. What's happening in the cell?

10. Symbols in Glycolysis: Glucose/Pathway
11. Symbols in Glycolysis: Electron Carriers

12 Symbols in Glyoolysia: Energy

13. Pause and Reflect: Glycolysis

14. Oxygen or no cxygen?

15. Fermentation intro

16. Fermentation practical info

17. Fermentation inputs and outputs

18. Fermentation + Glyoolysis energy challenge
19. Fermentatior: Which traces were left?

20. Fermentation: Net effects

21. Fermentation: Purpose

22 Symbols in Fermentation

23. Anaerobic electron transport chain

24. Methanogens

25. Anaerobic electron transport inputs and outp

Inputs and Outputs

Answer the following questions based on your sbservations about glycolysis in the
Energy Challenge Game. If you need to see glycolysis again, you can access a

animation t here. Take your time; this screen Is scored based on the accuracy

of your answars and number of attempts.

Were these molecules inputs, outputs, or not involved in glycolysis?

Select ail that apply:

ATP Input
Carbon Dioxide Input
Glucose Input
NAD” Input
NADH Input
Oxygen Input
Pyruvate Input
Water (Hy0}) Input

Qutput
Qutput
Qutput
Qutput
Qutput
Qutput
Qutput
Qutput

Net involved
Naotinvolved
Nat involved
Not involved
Mat invalved
Nat invaolved
Natinvalved

Nat involved

After the simulation students will recall the molecules that needed to run glycolysis.

4. Fermentation Graphing Activity

Caver Screen
Introduction
Callular respiration overall
. Graphing remediation
First step in cellular respiration: Glycolysis
6. Glycolysis energy challenge
7. Glycolysia: Inputs and outputs
8. Glycolysis: Net effects
9. What's happening in the cell?
10. Symbols in Glycolysis: Glucose/Pathway
11. Symbals in Glycolysis: Flectron Cariers
12. Symbols in Glycolysis: Energy
13. Pause and Reflect: Glycolysis
14 Oxygen of no cxygan?

15. Fermentation intro

16. Farmentation practical info

18. Fermentation + Glycolysis energy challenge
19. Fermentation: Which traces were leht?

20. Fermentation: Net effects

21, Fermentation: Purpose

22 Symbls in Fermentation

23 Anaerobic electron tranaport chain

24. Methanogens

25. Anaerobic electron transport inputs and outp

Inputs and Outputs

Wie've looked at which arganisms ferment
and hypothesized as to how fermentation is
different fram glycolysis. Now we'll observe
some details of fermentation while keeping
that hypothesis in

The graph to the right represents the
process of fermentation in a yeast cell

Read the graph, then mark whether each
chemical listed Is increasing, decreasing, or
constant over time, or net present:

Observation
Carbon dioxide (COz) -
Pyruvate (CaHg02) v
Glucose (CgHy20g) .
Ethanal {C;Hg0) =
Water (Ha0) -
Oxygen (Og) 5

Fermentation in a yeast cell
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Just like in the glycolysis graphing activity, students will practice reading and interpreting the

graph so that they can become familiar with the general trends happening within

fermentation.

5. Simulation: Fermentation

3. Cellular respiration oversil
4. Graphing remediation

5. First step in cellular respiration: Glycolysis
6. Glycolysis energy challenge

7. Glycolysis: Inputs and outputs

8. Glycolysis: Net effects

5. Whats happening in the cell?
10. Symbols in Giycolysis: Glucose/Patirway
1. Symbols in Glycolysis: Electron Carriers
12 Symbols in Glycolysis: Energy

13. Pause and Reflect: Glycolysis

14, Oxygen o no xygen?

15. Fermentation intro

16. Fermentation practical info

17. Fermentation inputs and outputs

19. Fermentation: Which traces were left?
20. Fermentation: Net effects

21. Fermentation: Purpose

22 Symbols in Fermentation

23. Anasrobic electron ransport chain

24 Methanogens

25. Anaerabic election transport inputs and outputs
26. Anasrobic Blectron Transport Simulation

27. Methanogenesis: Inputs/Outputs

Energy Challenge Game: Fermentation

Glycolysis is not the only biochemical process in living organisms. Often the bi-praducts of one biochemical
process wil feed another process

To complete the next challenge, you'll have to take this into account. Your target is to generate eight molecules
of ATP, but this time, you will alsa need to generate the NAD+ that is required for glycolysis.

~——3 You will have an additicnal pathway available: Fermentation
—

[

4, You will need to generate eight molecules to move an. ATP is
0 represented with orange spikes.

Hit the X in the top right hand corner to ciose this informational panel and got started. If you noed to seo
this again, hit the orange information icon.

As in the previous simulation concerning glycolysis, students will use the simulation to
visualize what products are needed to run fermentation.

6. Krebs Simulation

n List
21. Fermentation: Purpose
22. Symbols In Fermentation
23. Anaerobic electron transport chain

24. Methanogens

25. Anaerobic electron transport inputs and outputs

26. Anserobic Electron Transport Simulstion
27. Methanogenesis: Inputs/Outputs
28. Methanogenesis: Purpose

29, Symbols In Methanogenesis

30. Pause and Reflect: Fermentation and Methanogenesis

32 Krebs ovenview
33. Krebs simulation

34. Krebs: Inpusts/Outputs

35. Chasing Electrons

36. Symbols in Krebs

37. Electron transport inputs and outputs
38. Electron trancport intro

39. Electron transport simulation

40. ETC: Inputs/Outputs

41. ETC: Purpose

42 Krebs: Purpose

43. Symbols In Electron Transport

44, Bectrons and ATP

45. Pause and Reflect: Aerobic Respiration

46. Summary and Outra

Energy Challenge

Krebs Cycle

The second step in cellular respiration is the
Krebs Cycle, a series of reactions occurring m
in the mitochondria. If oxygen is present, i
pyruvate from glycolysis can enter the
Krebs Cycle. The initial input into the Krebs
Cycle is acetyl-CoA, a molecule very similar
to pyruvate.

The graph to the right represents the Krebs

Cycle. Read the graph, then mark whether [ucernico]
each chemical listed is increasing, ol
decreasing. or constant over time, or not : o

present:

Observation
Carbon dioxide (COz) -
AcetylCod -
Glucose (CgHy0g) -
Nitragen gas (Ny) -
ATP -

Oxygen (03)
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As on the previous screens students will read and interpret this graph to understand what
are the inputs and outputs of the Krebs Cycle. This will prepare them for the subsequent
simulation.

7. Krebs Cycle Simulation

21, Fermentatior: Purpose

22. Symbols in Fermentation

23. Anaerobic electron transport chain

24. Methanogens

25. Anaerobic electron transport inputa and outputs
ENERGY

26. Anaerobic Electron Transport Simulation -

27. Methanogenesis: Inputs/Dutputs

28 Methanogenesis: Purpaoe

29. Symbols in Methanogene

30. Pause and Reflect: Fermentation and Methanogenesis

%
31. Sacond step in cellular respiration: Krebs .,J L, A

32 Krebs avendew

34_ Krabs: Inputs/Outputs

Chasing Electrons

yrbols in Krebs

Election transport inputa and outputs
38. Electron fransport intro
39, Elestron traneport simulation
40, ETC: Inputs/Dutpuits
41 ETC: Purpose
42. Krebs: Purpose
43. Symbols in Electron Transport
44. Electrons and ATP

45. Pause and Reflect: Aerobic Respiration
< > =
46, Summary and Ottro

Building upon the Glycolysis and Krebs simulation activities, students will combine them to
see how the two are related.

8. Krebs Cycle Taken Further

1. Fermentation: Purpose KREBS CYCLE

22. Symbols in Fermentation
A i Chasing Electrons
24. Methanogens

25. Anaerabic electron transport inputs and outputs
26. Anaerobic Electron Transport Simulation

FI ST SRR RO Electron carriers are critical ta the energy process, and produced in several places along the way. How many electron
28, Methancgenesis: Purpase carriers have been produced se far? Enter your answers as whole numbers.

29, Symbols in Methanopenesis

30. Pause and Reflect: Fermentation and Methanogenesis

31. Second step in cellular respiration: Krebs

32. Krebs overview

33. Krebs simudation How many electron carrier molecules (oth NADH and FADH) are made per glucase put in to glycolysis?
34. Krebs: Inputs/Outputs
BEA O How many electron carrier malecules (both NADH and FADHz) are made per pyruvate put in o the Krebs
Cycle?
oo How many electron carrier malecules (both NADH and FADHz) are made by the Krebs Cycle per glucose
i o consumed by the organism?
37. Blectron transport inputs and outputs .
How many electron carrier molecules in 1otal (both NADH and FADHz) have been made from a single
38 Hestron transport intro glucose after both glycolysis and the Krebs Cycle?

36 Bectron transport simulation How many electrons are being carried from glucose at this point (Hint: 2 per molecule)?

40. ETC: Inputs/Outputs

41. ETC: Purpose

42 Krebs: Putpose
43. Bymbols in Electron Transport
44. Blectrons and ATP

45. Pause and Reflect: Aerobic Respiration

46. Summery and Outro
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This slide encourages students to consider how electrons play a role in the previous
explored energy pathways. This slide will introduce students to the concept of the Electron
Transport Chain in the subsequent slides.

9. Simulation: Electron Transport Chain

21 rermenanon: Furpose
22 Symbols in Fermentation

23. Anagrobic electron transport chain

24, Methanogens

25. Anaerobic eleciron transport inputs and outputs

26. Anaerobic Electron Transport Simulation

27. Methanopenesis: Inputs/Outputs

28. Methanogenesis: Purpose

@
29, Symbols in Methanogenesis i 0 =i
30. Pause and Reflect: Farmentation and Methanogenesis C ¥
31. Second step in cellular respiration: Kiebs
32 Krebs overvew
33. Krebs simulation 0000

34. Krebe: Inputs/Outputs
35. Chasing Electrons
36. Symbols in Krebs
37. Blectron tranaport inputs and outputs

38. Electron tranaport intro

40, ETC: Inputs/Ottputs
41 ETC: Purpose

42 Krebs: Purpose

43. Symbols in Electron Transport
4. Electrons and ATP

45, Pause and Reflect: Aerobic Respiration

46 Summary and Outro

This is the most comprehensive simulation in the the Cellular Respiration lesson. Students
will actively combine glycolysis, the krebs cycle and the electron transport chain to see how
all three play into aerobic respiration and energy generation. If the students do the steps out
of order they will soon see that they cannot generate energy as efficiently if they were to
follow the steps in order.

b 21. Fermentation: Pul
e KREBS CYCLE

22 Symbols in Fermentation
e Chasing Electrons
24. Methanogens
| 25 Anaerobic electron transport inputs and outputs
26. Anasrobic Electron Transport Simulation
Hirttieoys Rt Electren carriers are critical to the energy process, and produced in several places along the way. How many electren
28. Methanogenesis: Purpoae carriers have been produced so far? Enter your answers as whole numbers.
29. Symbols in Methanogenesis
30. Pause and Reflect: Fermentation and Methanogenesis
31. Second step in cellular respiration: Krebs

32 Krebs overview

33 Krebs simulation How many electren carrier molecules (both NADH and FADHs) are made per glucose put in to glycolysis?
34_ Krebs: Inputs/Dutputs X .
Laiibion How many electren carrier molecules (both NADH and FADH;) are made per pyruvate put in to the Krebs
Cycle?
55 Bitalkats kst How many electron carrier molecules (both NADH and FADHz) are made by the Krebs Cycle per glucose
i i bt consumed by the organism?
37. lectron transport inputs and outputs
e ? How many electron carrier molecules in total {both NADH and FADHg) have been made from a single
38. Electron transport intro. glucose after both glycolysis and the Krebs Cycle?

39. Blectron transport simulation How many electrons are being carried from glucose at this point (Hint: 2 per molecuie)?

40. ETC: Inputs/Outputs

41. ETC: Purpose

42 Krebs: Purpase
43, Symbols in Electron Transport

Like in the krebs cycle simulation, students will track the whereabouts of the electrons in this
electron transport chain.
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Unit 6 Searching for Signatures: Energy Challenge —
Photosynthesis

Lesson Stats

Average time spent: 1.5-3 hours

Learning Objectives

See Instructor's Guide

Assessment
Max score: 211

Lesson Flow

Introduction, Screens 1-2

What is Light?, Screens 3-10

Photosynthesis Challenge Reflection, 11-12
Photosynthesis Overview Graphing, Screens 13-15

Light Dependent Reactions, Screens 16-18

Light Dependent Reactions Simulation, Screen 19
Components of Light Dependent Reactions, Screens 20-22
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Light-independent Reactions and Calvin Cycle, Screens 23-24
Calvin Cycle Reaction Simulation, Screen 25

Calvin Cycle, Screens 26-27

Anoxygenic Photosynthesis, Screens 28-32

Pause and Reflect, Screen 33

Photosynthesis Review and Glucose Combustion, Screens 34-35
Summary and Outro, Screen 36

Common Student Issues/Misconceptions

e One common student misconception is that plants obtain their carbon biomass from
the soil. This however is incorrect because they get it from sequestering carbon
dioxide in the atmosphere with the help of energy from the sun.

e Another common misconception is that the light-independent reactions, sometimes
called “dark reactions”, occur only when there is no sun. On the contrary they actually
can occur simultaneously with the light-dependent reactions, they just don’t require
the light of the sun.

Simulations
Simulation name: Energy Challenge Simulation

e Description: This simulation is comprised of three different parts that take students
through different pathways involved in photosynthesis. In the first part of the
simulation students are taken through the light-dependent reaction. The next part of
the simulation covers the light-independent reaction which takes students through the
light-independent reaction (Calvin Cycle) by allowing them to drag and drop the
molecular ingredients necessary to run the pathway. Students will notice that the
energy created in the light-dependent reaction will be used in this part to help build
the glucose molecule. The last part of the energy challenge simulation covers
anoxygenic photosynthesis. Just as students did in the previous part of the simulation
they are to drag and drop the molecular ingredients necessary to run the pathway.
Students will notice that water is not needed as an electron donor for the
light-dependent reaction.

e Correct Answer: Students must drag and drop the correct molecules in order to
activate the light-dependent, the light-independent, and anoxygenic reaction
pathways. Once they have done that and successfully generated enough glucose,
ATP and NADPH they can move on.

Activity Walk-through

1. Photosynthesis Overview and Graph Interpretation (Slide 13)
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1. Cover Screen

2. Introduction CONTEXT HEADING

3. Light wavelengths
sty Photosynthesis Overview
5. Photons are packets of light

6. Why are plants green?

7. Light wavelengths

8. Revisit Hypothesis Shown to the right is a graph describing
9. Whatis & pigment? hnv{ the cell and its suvrundmg )
environment change during photosynthesis.

10. Are all pigments used for photosynthesis

11. The pigment chiorophyll

12. Pause and Reflect Which molecules are present,
increasing, decreasing, or
staying constant in the graph to
the right? Choose an answer
for each molecule:

14. Graphing remediation

15. Light in photosynthesis
16. Light Reactions Intro
17. Light-dependent Reactions Cell and Graph Carbon diexide (COz) =
18. Splitting Water Oxygen (02)
19. Light-dependent reactions

Water (Hz0) -
20. Light Reactions: Traces
21. Symbols in the Light Reactions | Nitrogen (Nz) -
22. Symbols In the Light Reactions If Glucose

23. Calvin Cycle Intro

This screen is the first of several instances where students will practice reading and
interpreting a graph to understand what inputs and outputs are generally involved in
photosynthesis.

2. Light-dependent Reaction Overview and Graph Interpretation (Screen 17)

1. Cover Screen

2. Introduction

| LIGHT DEPENDENT REACTIONS |

3. Light wavelengths
ey Light-dependent Reactions Overview

Revisit Hypathesi:
ol Shown to the right is a graph describing

9, What is a pigment? how the cell and its surrounding E \

environment change during photosynthesis. X\
10. Are all pigments used for photosynthesis -~

\

11. The pigment chlorophyll ™
12 Pven et Rt Which molecules are present, z o
13. Photosynthesis Overview increasing, decreasing, or z " =
14. Graphing reiedistion staying constant in the graph to p . )

the right? Choose an answer
for each molecule:

16. Light Reactions Intro / s

15. Light in photosynthesis

Carbon dioxide (COz)

18. Splitting Water

Oxygen (02) .
19. Light-dependent reactions
Water (Hz0
20. Light Reactions: Traces 2 Er( 2 )
21. Symbols in the Light Reactions | Nitrogen (Nz2)
22. Symbols in the Light Reactions Il Slioss

28. Calvin Cycle intro

On this screen students will read and interpret a graph covering the light-dependent
reactions in preparation for the simulation on the next screen.

3. Light-dependent Reaction Simulation (Screen 19)
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Screen List

7. Light wavelengths

8. Revisit Hypothesis
9. What is a pigment?

10. Are all pigments used for photosynthesis

11. The pigment chlorophyll

12. Pause and Reflect e (_/\
13. Photosynthesis Overview D
©0.) .
14. Graphing remediation e
15. Light in photosynthesis = .: [LI |
a © :

16. Light Reactions Intro
17. Light-dependent Reactions Cell and Graph

18. Splitting Water

20. Light Reactions: Traces
21. Symbols in the Light Reactions |
22. Symbols in the Light Reactions Ii
23. Calvin Cycle Intro
24. Calvin Cycle Cell and Graph

 25. Photosynthesis: Calvin Cycle

26. Calvin Cycle: Traces

This screen will introduce students to the their first simulation in this lesson. Here students
will drag and drop “ingredients” such as ADP, ATP, FAD, Glucose, Oxygen, Phosphate,
Carbon Dioxide, Light, NADP+ and water into the oxygenic photosynthetic E-Transport
pathway.

4. Light-independent Reaction Calvin Cycle Simulation (Screen 25)

Screen List

1. Cover Screen

2. Introduction

3. Light wavelengths

4. What exactly is light?

5. Photons are packets of light

6. Why are plants green? D ©
7. Light wavelengths % P u
8. Revisit Hypothesis
& ) Y
9. What is a pigment? £ A N
@

10. Are all pigments used for photosynthesis
11. The pigment chlorophyll
12. Pause and Reflect

13. Photosynthesis Overview

14. Graphing remediation

15. Light in photosynthesis

16. Light Reactions Intro

17. Light-dependent Reactions Cell and Graph
18. Splitting Water

19. Light-dependent reactions

20. Light Reactions: Traces

This screen will introduce students to the their first simulation in this lesson. Here students
will drag and drop “ingredients” such as ADP, ATP, FAD, Oxygen, Phosphate, Carbon
Dioxide, Light, NADPH, and water to the Calvin Cycle pathway in order to produce some
glucose molecules.

5. Anoxygenic Photosynthesis (Screen 30)
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Screen List

12. Pause and Reflect

13. Photosynthesis Overview

14. Graphing remediation

15. Light in photosynthesis

16. Light Reactions Intro

17. Light-dependent Reactions Cell and Graph (0.)

18. Splitting Water

19. Light-dependent reactions

20. Light Reactions: Traces

21. Symbols in the Light Reactions |

22. Symbols in the Light Reactions Il

23. Calvin Cycle Intro

24, Calvin Cycle Cell and Graph

25. Photosynthesis: Calvin Cycle

26. Calvin Cycle: Traces

27. Symbols in the Calvin Cycle

28. Anoxygenic Photosynthesis Intro

29. Anoxygenic Photosynthesis Cell and Graph

31. Traces: Anoxygenic Photosynthetic Electron Transport

This screen will introduce students to the their first simulation in this lesson. Here students
will drag and drop “ingredients” such as ADP, ATP, FAD, Oxygen, Phosphate, Carbon
Dioxide, Light, NADPH, and water to the anoxygenic photosynthesis pathway. This pathway
does not require water and students with students will notice when adding “ingredients”.

Unit 6 Searching for Signatures: Genetic Blueprints

Lesson Stats

Average time spent: 1-2 hours

Learning Objectives

See Instructor's Guide

Assessment
Max score: 177

Lesson Flow

Introduction, Screens 1-2.

Gregor Mendel, Screen 4.

Griffith’s Experiments, Screens 5-8.
Hershey-Chase Experiments, Screens 9-19.
DNA Structure, Screens 20-23.

Building nucleotides, Screens 24-27.

Photo 51 and double stranded DNA, Screens 28-30.

Building double stranded DNA, Screens 31-35.
Explore DNA, Screen 36.

RNA, Screen 37.

TNA, Screen 38.
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e Summary, Screen 40.

Common Student Issues/Misconceptions

e Most student difficulties during this lesson are with the widgets and building
nucleotides/DNA strands. On Screen 25, students will be asked to build a strand that
is 10 nucleotides long. The screen will only show about 5-7 nucleotides. In order to
add more to the strand, students will have to physically move the strand, on the
screen, up or down in order to increase the length.

e Students can also find difficulty with the base pairing simulation due to its immersive
nature. Students begin without being provided rules for how to run the simulation but
are instead encouraged to explore and play around with matching base pairs without
being being told the answer out right.

Activity Walk-through
1) Does the mouse live or die? (Screen 5)

N ana Tinal experiment GFITITN INjected a Mouse WIth a MIXIure of neat-Kiieg
Screen List bacteria and non-infectious bacteria. Griffith did not know what would happen at
What do you think?

1, Gover Screen r the dead or the live mouse over the question mark, then hit next to find out the
2. Introduction ults of the experiment.

3. Gregor Mendel

&
B ove
4. How does the genetic material get passed? L oo . oo Z
K * < & @ 5\ P S
6. Why did the mouse die? Mouse Lives
- e 2 o
7. What's special about the genetic material of bacteria?
e
8. Horizontal gene transfer J, J, l @
9. |dentifying the Genetic Material X e i ? ) Mouse Dies
- ‘x—'~ el
*

10. Biological macromolecules ®

M Dii Mouse Lives
11. Why do we look like our parents @ Mouse Dies S

12. Expected result

13. Select a molecule to label

14. Results - Nucleic Acids
15. Resuts - Lipids > NEXT >

Students need to understand the basis of Griffith’s experiment and be able to determine the
outcome of various scenarios, when asked. This screen helps them tie together what they
have learned about this experiment and what the end result would be.

2) Select a molecule to label (Screen 13)
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ASE EXPERIMENT

Screen List

4. How does the genetic material get passed? a m 0 | ecu I e ‘to I a bel

5. Does the mouse live or die?

6. Why did the mouse die?

7. What's special about the genetic material of bacteria?

B ol ome bt molecule to label, like in the

9. Identifying the Genetic Material hase experiment,

o b molecule was labeled
10. Biological macromolecules ely In a virus, called a

hage (right), that infects bacteria

11. Why do we look like our parents
s them to incorporate its genetic

12. Expected result

14. Results - Nucleic Acids

15. Results - Lipids Nucleic Acids Carbohydrates Lipids

TR TR —— \ g
s Q) () [ 2

s e >
This screen and the subsequent screens will guide students through the Hershey-Chase
experiment and help them discern which molecule is the genetic material. Students will go

through the same methodology and thinking that was used in order to determine that nucleic
acids made up genetic material.

17. Results - Proteins

vl

3) Steps to re-build your DNA (Screen 23)

Rebuild your DNA

T e
17. Results - Proteins
18. Summary and Conclusion —

19. Pause and reflect

B0: Strixcties of eetlc miaterial You will go through 3 steps to reconstruct
your DNA:
21. The DNA model

22. Explode DNA ) Build Nucleotides
Build the four nucleotides of DNA by

connecting three basic components
(phosphate group, sugar and base) at the

24, Build Nucleotid: i i
uild Nucleotides correct bonding sites.

25. Single-stranded DNA

Q Build Single-Stranded DNA

26. ssDNA Backbone Components Connect your nucleotides together into a
single strand, creating the covalent bonds
that make up the sugar-phosphate

28. Photo 51 backbone.

27. ssDNA Backbone Structure

29. Photo 51 and Rosalind Franklin o Build a complementary strand of DNA

Matnh tha haca naire tanathar tn farm

30. First complete model of DNA

31. Before you build double-stranded DNA >
This screen explains how nucleotides will be built in the next couple of screens. Students
need to read these instructions thoroughly to understand what they must do. Many students
have a lot of trouble with these next screens as they get confused and do not understand
what they are supposed to do. Refer them to this screen and the instruction on this screen if
students are struggling.

4) Single-stranded DNA (Screen 25)
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Screen List

T NGOG G LT U GG Bil - NUCLEOTIDES

17. Results - Proteins
Adenine

18. Summary and Conclusion k m

19. Pause and reflect

d
20. Structure of genetic material Guanine
21. The DNA model k /@
22. Explode DNA 7
23. Steps to re-build your DNA Thymine Drag nuclectides here to create a single strand of DNA
24. Build Nucleotides 4 k S

7

Cytosine

26. ssDNA Backbone Components

—

27. ssDNA Backbone Structure -
28. Photo 51
29. Photo 51 and Rosalind Franklin

30. First complete model of DNA

31. Before you build double-stranded DNA HESTS

Students will be asked to build a strand that is 10 nucleotides long. The screen will only
show about 5-7 nucleotides. In order to add more to the strand, students will have to
physically move the strand, on the screen, up or down in order to increase the length.

5) Double-stranded DNA (Screen 32)

Screen List
s — NUCLEOTIDES DNA Radius
26. ssDNA Backbone Components i Measured radius: 1nm
Ader
e Model's radius: onm
27. ssDNA Backbone Structure k /Q@
28. Photo 51 V.
29. Photo 51 and Rosalind Franklin Guanine
30. First complete model of DNA k /@
31. Before you build double-stranded DNA rd
Thymine Drag nucleotides here to create a single strand of DNA
33. dsDNA Base Pairing l\ A
34. dsDNA Base Bonding 4
o Cytosine
35. Schematics and Molecules
36. Explore DNA k e
/7

37.RNA

38. TNA

39. Pause and reflect

40. Summary and Outro > NEXT =

Students will be asked to build a single strand of DNA complementary to the previous strand
that they had already built. This is the same process as when they were asked to build the
nucleotide strand.

Unit 6 Searching for Signatures: Cellular Replication

Lesson Stats
e Average time spent: 1.5 hours

Learning Objectives
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e See Instructor's Guide

Assessment
Max score: 181

Lesson Flow
e [ntroduction, Screens 1-2.
Replication and binary fission, Screens 3-6.
Eukaryotic replication, Screens 7-8.
Replication (Mitosis: Interphase — Cytokinesis), Screens 9-17.
Endosymbiosis, Screens 20-22.
Mitosis review, Screens 23-26.
Meiosis overview, Screens 28-31.
Meiosis: Meiosis | 1 — Meiosis Il 4, Screens 32-38.
Cell review, Screens 39-40.
Summary, Screen 41.

Common Student Issues/Misconceptions
e Students should be able to differentiate between Mitosis and Meiosis and the stages
for each. Many misconceptions arise because of the similarities between both.

Activity Walk-through

1) Replication (Screen 3)

Screen List

1. Title

2. Introduction
e Replication

5. Binary Fission 3
6. Binary Fission 4

You might think of how parents look like their
7. Eukaryotic Replication 1 .

8. Eukaryotic Replication 2

9. Interphase one cells divides into two. Do you think this

process is the same for all cells?

10. Prophase 1

11. Prophase 2 Yes, because all cells are the same

Yes, because all DNA is the same
12. Metaphase

No, because prokaryotic cells would need
more complex processes due to the cell
14. Anaphase 2 wall

13. Anaphase 1

No, because eukaryotic cells would need
more complex processes due to their size
16. Cytokinesis and complexity

15. Telophase

17. Summary No, because each species’ cells must

replicate differently
o

Students will be expected to utilize prior knowledge of DNA from previous lessons and apply
them here to answer questions about the universality of replication.

2) Binary Fission (Screens 4-6)
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Screen List
Binary Fission

2. Introduction

3. Replication

Prokaryotes, being smaller and less complex ‘,Le\
) than eukaryotes, replicate using a simple
B EnERetas process called binary fission. Listed below

6. Binary Fission 4 are a few steps which must happen during

the process and a few that don't DNA
replication

e See if you can identify which steps should
2 EDRaAyOtIC HepRou Rt 2 occur in binary fission below:
9. Interphase
DNA is copied in place

10. Prophase 1

7. Eukaryotic Replication 1

New cell wall is made l segregation

11. Prophase 2
Cell wall and membrane pinch closed
12. Metaphase
Nucleus dissolves
13. Anaphase 1
ek DNA migrates to either side of cell

= Cytokinesis 1
14. Anaphase 2 New DNA is made on the either side of l

15. Telophase the cell
16. Cytokines Organelles replicate
Two genetically identical cells are

17. summai
2/ present

Students are asked to identify the correct steps involved in Binary Fission for simple
prokaryotic organisms by using the image as a guide.

(Screen 5)

[ Biofeyond Lesson b %)/ € https//zelpsmartsp. x

€ Our Blue Planet (vi) - o
a8 O

C | https;/aelpsmartsparrow.com/u/previev

(score:0) & Sunny Panjwan

Screen List | Blnary FISSiOn

2. Introduction R L. . . .
You now know the steps of binary fission in prokaryotes. See if you can order the images

from the first to last step starting on the left.

3. Replication

4. Binary Fission 2

6. Binary Fission 4

7. Eukaryotic Replication 1

8. Eukaryotic Replication 2
9. Interphase
10. Prophase 1 "
11. Prophase 2 [
L2
12. Metaphase
13. Anaphase 1
14, Anaphase 2
15. Telophase /"\'\‘
=
16. Cytokinesis
17. Summary B
18. Organelle Replication
<
19. Bacteria and Organelles -/

20. Endosymbiosis
< > NEXT
21. Endosymbiosis: The Host

After selecting the correct steps of Binary Fission, students are tasked with correctly ordering
the steps from the previous screen.

(Screen 7)
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Screen List

Summary

1. Title

] Binary fission is used by:

Prokaryotes
5. Binary Fission 3 Eukaryotes
Animals
Plants
7. Eukaryotic Replication 1
Fungi

8. Eukaryotic Replication 2
All organisms
9. Interphase

10. Prophase 1

11. Prophase 2 2 And produces:

12. Metaphase

13. Anaphase 1 Two genetically identical cells

14. Anaphase 2 Two genetically different cells

More than two genetically identical cells
15, Telophase

More than two genetically different cells
16. Cytokinesis

One new cell

17. summary

This screen concludes the Binary Fission instruction and leads into Eukaryotic Replication
processes.

3) Eukaryotic Replication (Screens 7-8)

Screen List

1. Title REPLICATION

2. Introduction

Eukaryotic Replication

4. Binary Fission 2

5. Binary Fission 3

Eukaryotes (plants, animals, and fungi)

6. Binary Fission 4 reproduce differently than prokaryotes on a
cellular level. which of the following do you
think contributes most to this different

8. Eukaryotic Replication 2 process?

9. Interphase

Presence of a nucleus

10. Prophase 1

Different DNA

11. Prophase 2

Eukaryotes are multicellular

12. Metaphase .
Presence of organelles

13. Anaphase 1
= Eukaryotes generally have larger

14. Anaphase 2 genomes

Prokaryotes generally have larger
genomes

15. Telophase

16. Cytokinesis
Different membrane structure

17. Summan ,
2 Absence of a cell wall in eukaryotes

Eukaryotic Replication begins by introducing students to the idea of differentiated replication
between eukaryotes and prokaryotes and probing at possible reasons for why. Students
then proceed to view a short clip on the next screen as a precursor to learning the various
stages of mitosis.

4) Replication (Mitosis: Interphase — Cytokinesis), Screens 9-17
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T Metaphase - Anaphase - Telophase -
P Cytokinesis

2. Introduction

3, Replication

Normally, the cell is in & state called interphase, which
has three stages - G1, S, and G2, shown to the right. In
interphase, the cell is performing its normal functions,
7. Eukaryotic Replication 1 but toward the end some changes begin happening.

What do you see happening in the images to the right?

8. Eukaryotic Replication 2

The cell gains new genetic
10. Prophase 1 9 g
material

11. Prophase 2 The genetic material is being

12. Metaphase copied

13. Anaphase 1 The genetic material condenses

14. Anaphase 2 The genetic material expands

The genetic material moves to

15. Telophase opposite sides of the cell

16. Cytokinesis

17. Summary

division. What do you think is happening in the cells
denoted with the arrows?

18. Organelle Replication

19. Bacteria and Organelles

Students are introduced to the mitotic cycle by comparing cells in Interphase to those in
various other stages of mitosis.

Screen List

Interphase (G1/S/G2) - Prophase -
g Metaphase - Anaphase - Telophase -
Cytokinesis

8. Eukaryotic Replication 2

9. Interphase

The first stage of mitosis is called prophase
The images to the right show a cell both
before and after prophase. What appears

different?
The cell has rolled on its side '

There is more genetic material
There is less genetic material
The genetic material has condensed

The cell has divided

Screens 10-11 cover the first stage of the replication cycle, Prophase. Students are asked a
variety of questions in order to create an initial understanding of cell behavior during
replication.
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Screen List

P Interphase (G1/S/G2) - Prophase -
’ Metaphase - Anaphase - Telophase -
Cytokinesis

10. Prophase 1

8. Eukaryotic Replication 2

11. Prophase 2
12. Metaphase

The third phase of mitosis is called
anaphase. What do you see happening in
14. Anaphase 2 anaphase? Select all that apply.

The cell has divided
16. Cytokinesis

The chromosomes have split in half

17. Summary

The nucleus has dissolved

18. Organelle Replication

A new nucleus has formed on either end of the cell
19. Bacteria and Organelles

The chromosomes are moving to either end of the
20. Endosymbiosis. cell

21. Endosymbiosis: The Host

Screens 13-14 introduce Anaphase, and require the student to answer questions related to
the provided models of Anaphase.

Screen List

Interphase (G1/S/G2) - Prophase -
Metaphase - Anaphase - Telophase -
Cytokinesis

4. Binary Fission 2

8. Eukaryotic Replication 2
9. Interphase

10. Prophase 1

The fourth and final phase of mitosis is
called telophase. What appears to be
occurring in telophase in the image at right?
Select all that apply.

13. Anaphase 1
(Note: The pinching of the cytoplasm is part
L Snohioas 2 of cytokinesis, not telophase. It is shown
here because the wo processes may occur

simultaneously.)

11. Prophase 2

12. Metaphase

16. Cytokinesis
17. Summary The cell has divided

The chromosomes have split in
halt

18. Organelie Replication

19. Bacteria and Organelles

The nucleus has dissolved
20, Endosymbiosi
e A new nucleus has formed on
21. Endosymbiosis: The Host either end of the cell

Screens 15-17 discuss Telophase, Cytokinesis, and conclude the mitotic instruction of this
unit. Students are asked summary questions in order to solidify the basic mechanics of cell
replication, as the following slides delve into the more detailed areas of replication.
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Screen List

6. Binary Fission 4

7. Eukaryotic Replication 1
8. Eukaryotic Replication 2
9. Interphase.

10. Prophase 1

11. Prophase 2

12. Metaphase

13. Anaphase 1

4. Anaphase 2

15. Telophase

16. Cytokinesis

17. Summary

19. Bacteria and Organelles
20, Endosymbiosis
21. Endosymbiosis: The Host

22. Endosymbiosis: The
Organelle

Organelle Replication

Although eukaryotic cells replicate using mitosis, two
organelles within those cells use binary fission:
mitochondria and chloroplasts. Both of these organelles
replicate on their own, not necessarily during the phases
of mitosis, using the same method as prokaryotes.

Thinking back to what you learned about cell types, how
are prokaryotes different from eukaryotes? Sefect all
that apply:

Prokaryotes have more than one nucleus
Prokaryotes usually have more DNA than eukaryotes
Prokaryotes have lots of organelles

Prokaryotes are larger than eukaryotes

Prokaryotes do not have crganelles

Prokaryotes do not have anucleus

Prokaryotes usually have less DNA than eukaryotes

(Screens 18-19) allow the student to recap some of the major differences and similarities
between single-celled and multicelled organisms, as the unit moves into the introduction of
organelle replication and endosymbiosis.

5) Endosymbiosis, Screens 20-22

Screen List

10. Prophase 1

1. Prophase 2

12. Metaphase

13. Anaphase 1

14. Anaphase 2

15. Telophase

16. Cytokinesis

17. Summary

18. Organelle Replication

19. Bacteria and Organelles

21. Endosymbiosis: The Host

22. Endosymbiosis: The
Organelle

23. Mitosis Review

24. Mitosis Review 2

25. Mitosis Review 3

26. Pause and reflect

Endosymbiosis

Were you surprised to see the similarities
between bacteria and the cell's organelles,
mitochondria and chloroplasts? Many early
scientists certainly were, and there were
several competing hypotheses for why
mitochondria had the traits of bacteria and
replicated separately from the cell, like
bacteria

The leading hypethesis has become a theory,
commonly referred to as endosymbiosis. In
short, endosymbiotic theory states that
mitochondria and chloroplasts were once
free-living bacteria that were taken in by an
ancient organism in a symbiotic relationship:
mutualism. Research has dated this event to
approximately 1.5 billion years ago.

Nudeod

Cellmembrane

Nudeus

You learned about symbiotic relationships resccnondia

during your exploration of the Galapagos
Which of the following is a good description
of a mutualistic relationship?

Ana nrmanicm hanafite and tha

[

R
ot
St
et
[E——
sk
prom

(35} ®

Screens 20-22 explore the concept of endosymbiosis, starting with some basic observations
and concluding with more challenging concepts which require the student to think critically
about the mechanics in play.

6) Meiosis overview (Screen 28)

Page 127 of 254



Screen List eiOSiS OverVieW

27. Connection: Evolution

As you have seen, mitosis and binary fission
produce genetically identical daughter cells.
This limits any variation in genetics to

29. Meiosis Overview 1 Question 2

30. Melosis Overview 2 random changes in DNA, called mutations.
To increase genetic diversity, some

31. Melosis Overview 3 eukaryotes have evolved a process called

32. Melosis | 1 melasis.

33. Melosis 1 2 To illustrate the outcome of meiosis, think

back to genetics - what do you know about

34. Meiosis | 3 your genome?

35. Meiosis 11 1

Half comes from your father, half from
36. Meiosis Il 2 your mother

37. Meiosis 11 3 All comes from your mother

38. Melosis 11 4 All comes from your father

39. Cell Review Some comes from each parent, but the
amount from each parent differs
40. Pause and reflect

41. Summeary and Outro < > NEXT -

Students will begin their journey through the stages of Meiosis starting with this screen. It is
important that they understand the differences between each stage along with the
differences between mitosis and meiosis.

Unit 6 Searching for Signatures: Replication

Lesson Stats
e Average time spent: 1.5 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 226

Lesson Flow

Introduction, Screens 1-2.

DNA Base Pairing, Screens 3-4
Chromosomes, Screens 5-8.

Gene mapping, Screens 9-10.
Different chromosomes/chromatin, Screens 11-14.
Unwinding DNA, Screens 15-16.
Replication Race, Screens 17-18.
100 Base Challenge, Screen 19.
Accuracy Challenge, Screen 20.
Meselson and Stahl, Screens 21-25.
Origin of Replication, Screen 26.
Making new DNA, Screen 27.
Okazaki Fragments, Screens 28-30.
100 Base Race, Screen 32.
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Summary, Screen 46.

Common Student Issues/Misconceptions

Accuracy Race, Screens 34-35.
Speed of replication, Screens 36-40.
Replication in Cells, Screens 41-43.
Stages of Replication, Screens 44-45.

e Students will have to create a complementary strand and pair bases together. They
are provided a template with one strand of bases and they have to match those
bases by adding on their pair. As students keep adding on a pair, the double
stranded strands grow. As before, students will have to keep pulling the strand up so
that they can see the bases towards the bottom and pair them as well.

Activity Walk-through

1) DNA Base pairing (Screen 3)

DNA REPLICATION

Screen List

NUCLEOTIDES
1. Cover

Adenine

2. Introduction to DNA Replication

A Ve
4_DNA in the Cell
Guanine
5. Chromosomes 1 k l .
6. Chromosomes 2 N
7
7. Chromosomes 3
Thymine
8. Differences in DNA K
>
9. Gene Mapping 1 P,
10. Gene Mapping 2 Cytosine
11. Different Chromosomes L\ g
i
12. Chromatin 1 Va

13. Chromatin 2

14. Chromatin 3

15. Unwinding DNA 1 >

Force Adaptivity W (Score : 0]

DNA Radius

Measured radius: 1nm

Model's radius: 1nm

Ry,
P
)
)

-

)

N

R

i

This screen asks students to pair the bases on the DNA strand. Students are provided a
template with one strand of bases and they have to match those bases by adding on their
pair. As students keep adding on a pair, the double stranded strands grow. As before,
students will have to keep pulling the strand up so that they can see the bases towards the

bottom and pair them as well.

2) Chromosomes (Screens 5-7)
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Screen List

1. Cover

2. Introduction to DNA
Replication

3. DNA Base Pairing

4. DNA in the Cell

6. Chromosomes 2
7. Chromosomes 3

8. Differences in DNA —
9. Gene Mapping 1

10. Gene Mapping 2

11. Different Chromosomes

12. Chromatin 1

13. Chromatin 2

14. Chromatin 3

Chromosomes

What are chromosomes?

DNA is often thought of as being in the form
of chromosomes, mainly due to images such
as those at right. Chromosomes are densely
packed DNA structures that appear during
cellular replication

However, DNA is typically only in this form
for a short while during cell replication. The

15. Unwinding DNA 1

16, Unwinding DNA 2

image shown is of the chromesomes in a
human cell, treated with a stain to make
them appear colored and ordered from

LR

oK

Bn g & X

largest lo smallest. K “

Screens 5-7 function as an introduction to the idea of chromosomes and their vast presence
throughout all of known life. These screens help to scratch the surface of how DNA behaves.

3) Gene mapping (Screens 9-10)

Screen List

1. Cover

2. Introduction to DNA
Replication

Gene Mapping

3. DNA Base Palring

4. DNA in the Cell
5. Chromosomes 1
fmnostcs 2 Why use chromosomes?

7. Chromosomes 3

8. Differences in DNA

Though human DNA is not usually in
chromosomal form, visualizing it in this form
allows for an easy way to map specific
alleles and genes, the subject of large
amounts of work in the field of genomics in
the past few decades. Shown at rightis a
gene map of a chromosome from a fruit fly.

10. Gene Mapping 2

11. Different Chromosomes r? [\? \%S

mange |9 £ 99 A \Egy {
T e

12. Chromatin 1
13. Che itin 2
14. Chromatin 3

15. Unwinding DNA 1

Thinking back to what you

G e
learned about genetics, what do B \{3’/3‘ \T%#‘\'Hlxgi? \%3

Now that the idea of a chromosome has been established, students begin to discover why
chromosomes are used so prevalently throughout nature as they follow the next several
screens.

16. Unwinding DNA 2

4) Different chromosomes/chromatin (Screens 11-14)
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Screen List

1. Cover

2. Introduction to DNA
i DNA IN THE CELL
3. DNA Base Pairing

4.DNAin the Cell Chromatin

5. Chromosomes 1

6. Chromosomes 2 How is DNA usually stored in a cell?

7. Chromosomes 3

8. Differences in DNA —_—

9. Gene Mapping 1

DNA spends most of its time in a loosely
coiled form called chromatin, which is

11. Different Chromosomes: slightly less condensed than chremosemes.

The structure of chromatin is shown in the
image to the right.

10. Gene Mapping 2

12. Chromatin 1

From your exploration of DNA
structure and biological

9 &
15. Unwi 1 7 PO o
SeUnwiaiing DHA macromolecules, what do you MJ)‘(U)‘:“?Q Orit
16. Unwinding DNA 2 recall is the function of DNA in

tha ~all?

14. Chromatin 2

Winding deeper into the mechanics of DNA storage, students see that chromosomes are not
the usual way to store DNA. Screens 11-14 show the student how chromatin works to store
DNA.

5) Unwinding DNA (Screens 15-16)

Sereen List

1. Cover

2. uction to DNA

Replication

3. DNA Base Pairing . d . D N A
Unwinding

5. Chromosomes 1
. Chromegomes 2 What is needed to prepare DNA for
7. Chromosomes 3 replicatio ne

8. Differences in DNA

9. Gene Mapping 1

10. Gene Mapping 2 From chromatin, two major

11. Different Chromosomes processes are needed to prepare
for DNA replication. Watch the
video at right - what processes
are needed before new DNA can
14. Chromatin 3 be made?

Select all that apply.

12. Chromatin 1

13. Chromatin 2

16. Unwinding DNA 2
DNA has to be coiled

Screens 15-16 are guided by a video instruction featuring a DNA simulation. Students then
follow up with some questions about DNA.

6) Replication Race (Screens 17-18)
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Screen List

1. Cover

2. Introduction to DNA
Replication REPLICATION

3. DNA Base Pairing ~ .
Replication Race Intro
5. Chromosomes 1
i Ghroiricapiie 2 Race to replicate DNA
7. Chromosomes 3

8. Differences in DNA —

9. Gene Mapping 1

Once DNA has been uncoiled and the

10. Gene Mapping 2

strands separated, it is ready for replication {
11. Different Chromosomes 2
On the next few screens, you'll take the role / -
12. Chromatin 1
of DNA Polymerase, the enzyme that aY g
13. Chromatin 2 replicates DNA in cells. Your task will be to N . e \
make a complementary strand of DNA as / !
14. Chromatin 3 quickly and as accurately as possible. —~
15. Unwinding DNA 1 e —— \
IU's important to know the base \ .
eyt pairing rules for DNA before N ~ /

Screens 17-18 contain essential base pairing rules which the students must grasp in order to
succeed in later simulations featured within this unit.

7) 100Base Challenge (Screen 19)

DNA REPLICATION Force Adaptivity W (Score:0)

Screen List
CHALLENGE

10. Gene Mapping 2

11. Different Chromosomes
12. Chromatin 1

13. Chromatin 2

14. Chromatin 3

15. Unwinding DNA 1

16. Unwinding DNA 2

17. Replication Race Intro 1

18. Replication Race Intro 2

20. Accuracy Challenge

21. Meselson and Stahl

22. Hypothesis DNA RACE b ﬁg:fj b o 0 SECONDS

23. Meselson and Stahl Results 1

24. Mesel d Stahl Reg
leselson and Stahl R N NEXT =

Students are asked to pair 100 bases as fast as they can with as much accuracy as
possible. The timer will keep going as the students are pairing the bases together. At the
end, if the student has made 25 or more mistakes or has repeated the same letter in
succession, they will be told to try again.

8) Accuracy challenge (Screen 20)
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DNA REPLICATION Force Adaptivity * (Score : 0]

Screen List
CHALLENGE

10. Gene Mapping 2

11. Different Chromosomes
12. Chromatin 1

13. Chromatin 2

14. Chromatin 3

15. Unwinding DNA 1

16. Unwinding DNA 2

17. Replication Race Intro 1
18. Replication Race Intro 2

19. 100 Base Challenge

21. Meselson and Stahl

22. Hypothesis DNA RACE b ¢ b 5 0 PoInTS

23. Meselson and Stahl Results 1

24. Meselson and Stahi Red
< 4 NEXT =2

Like the screen before, students will be asked to pair bases again. This time, the strand will
keep moving and students will have to rapidly determine the correct base pair and match
accordingly. They will not have time, like on the previous screen, to work through each pair
as they see fit. They will be on a time crunch and can get very stressed. If five mistakes are
made the activity accelerates and students will be asked to try again.

9) Meselson and Stahl (Screens 21-25)

Screen List

11. Different Chromosomes

12. Chromatin 1

13. Chromatin 2
Meselson and Stahl

16. Unwinding DNA 2 —

15. Unwinding DNA 1

17. Replication Race Intro 1 It's all in the details

18. Replication Race Intro 2
19. 100 Base Challenge —

20. Accuracy Challenge

Franklin, Watson, and Crick’s work on DNA
structure made it easy to figure out how new
22. Hypothesis strands were made: by making
complementary strands from existing DNA,
like you just did in the Replication
Challenges.

23. Meselson and Stahl Resuits
1

24. Meselson and Stahl Resuits
2

What wasn't clear was how the new strands

and existing strands of DNA matched up. DODPOPDODD <7 PP
25. Meselson and Stahl Results Multiple models existed 5
e ispersive”
3
26. Origin of Replication = a conservative model, in which each ™

Students explore the famous Meselson and Stahl experiment in the next several screens
and compare different ideas of how DNA replication could happen in nature.
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Screen List

1. Different Chromosomes
12. Chromatin 1

13. Chromatin 2

14. Chromatin 3

15. Unwinding DNA 1

16. Unwinding DNA 2

17. Replication Race Intro 1
18. Replication Race Intro 2
19. 100 Base Challenge

20. Accuracy Challenge

21. Meselson and Stahl

22. Hypothesis

23. Meselson and Stahi Results
3

24. Meselson and Stahi Results

Meselson and Stahl Results

What did Meselson and Stahl find?

After allowing the cells to grow in the two CatL
types of nitrogen, Meselson and Stahl
purified the DNA from the cells. The DNA
was then put through a process called
centrifugation, which separated the DNA by
spinning it in a tube at rapid speeds. Heavier
material moved lower in the test tube while H
lighter material remained higher in the tube.

centrifuge

20 40 60 B0 Time (min.)

The first column after the tube shows the
DNA grown solely in heavy nitrogen

Guided by the visualization on the right side of the screens, students answer questions at
the heart of this experiment and learn how simple chemistry can be used to bust big
mysteries. Students continue to learn about the origins of replication and continue on to the
Okazaki part of the instruction.

10) Okazaki Fragments (Screens 28-30)

Sereen List

11. Different Chromosomes
12. Chromatin 1

13. Chromatin 2

14. Chromatin 3

15. Unwinding DNA 1

16. Unwinding DNA 2

17. Replication Race Intro 1
18. Replication Race Intro 2
19. 100 Base Challenge

20. Accuracy Challenge

21. Meselson and Stahl

22 Hypothesis

23. Meselson and Stahl Results
1

24. Meselson and Stahl Resuits
2

25. Meselson and Stahl Resuits
3

26_ Origin of Replication

Okazaki Fragments

Leading and lagging strands

The antiparallel nature of DNA leads to twa
different ways that the new strands are
made.

The strand where DNA polymerase moves

toward the fork is called the leading

strand and is made just like you did in the 3
Replication Race.

The strand where DNA polymerase moves
away from the fork is called the lagging
strand and is made in little pieces called
Okazaki fragments, named after their
discoverer, Reiji Okazaki

T rantinne lahal the leadina Alnoali 1 nevevine Andine

Here, students will be tasked with labeling the leading and lagging strands of a DNA
replication fork. Further questioning delves deeper into the concepts of “leading” and
‘lagging”, as students see that building DNA can be a little trickier than it may seem.
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‘Scleen List '
Pause and Reflect

18. Replication Race Intro 2
19. 100 Base Challenge
You just spent some time learning about the following two

20. Accuracy Challenge : 5 )
major topics. How well do you think you understand them?

21. Meselson and Stahl

EZIBTE R Your responses on this screen do not affect your grade. Honesty

23. Meselson and Stahl Results is critical when answering.
3

24. Meselson and Stahl Results

25. Meselson and Stahl Results
3
DNA Storage

26. Origin of Replication

DNA is normally
chromatin, but ca
chromosomes or

Making New DNA a loose form called

sed 1o

28. Okazaki Fragments 1
29. Okazaki Fragments 2

30. Okazaki Fragments 3

A brief metacognition screen allows the students to reflect on their understanding so far
before they move advance into the DNA Race!

11) 100 Base Race (Screen 32)

Screen List
19.100 Base Challenge

20. Accuracy Challenge

21. Meselson and Stahl REPLICATION

22 Hypothesis 1 0 0 B R

23. Meselson and Stahl Results ase ace
1

24, Meselson and Stahl Results

Can you beat your cell in a race
25 Meselson and Stahl Results to replicate?
3

26. Origin of Replication — )
RESET

27. Making New DNA

28. Okazaki Fragments 1

29. Okazaki Fragments 2

30. Okazaki Fragments 3
31. Pause and Reflect & © O o C
N = - -~

Students are challenged with a “100 base race’ wherein the appropriate bases must be
quickly matched in succession.

12) Accuracy Challenge (Screens 34-35)
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Screen List

19. 100 Base Challenge *
Accuracy Race

20. Accuracy Challenge

21. Mesel d Stahl
22. Hypo
:‘13 Meselson and Stahl Results Can yau bea[ your Ce” ”'! arace
for accuracy?
24. Meselson and Stahl Results
25. Meselson and Stahl Results
2 <0 RESET

26. Origin of Replication

27. Making New DNA
28. Okazaki Fragments 1
29. Okazaki Fragments 2
30. Okazaki Fragments 3
31. Pause and Reflect

32. 100 Base Race

33.100 Base Race
Leaderboard

Now students must be quicker than ever in their understanding of nucleotide bases as they
rush against the simulation to stack up the correct bases of DNA.

13) Speed of replication (Screens 36-40)

Screen List

Speed of Replication

22. Hypothesis

(21 Meselaon skl Sibhi Restity How long does it take to copy the human
: ¢ )

genome?
24. Meselson and Stahl Results

25. Meselson and Stahi Results
= In the Replication Race, you

26. Origin of Replication learned that DNA Polymerase in
27. Making New DNA humans copies about 33 bases
per second. Assuming a total
genome size of 3,000,000,000
bases, how many seconds are
needed to copy the human

31. Pause and Reflect genome once?

28. Okazaki Fragments 1
29. Okazaki Fragments 2

30.0 Fragments 3

32.100 Base Race ER NUMBE|

33,100 Base Race
Leaderboard

Now that students have tackled some more DNA basics, they are guided by some basic
arithmetic in understanding the speed at which DNA replicates itself.

. genome siZe o1 3,uvu,uuu,uuY : |3_ < \As.
Screen st bases, how many seconds are s
1 needed to copy the human g
7
24. Meselson and Stahi Res genome oncey
z ENTER NUMBE

25. Meselson and Stahl Results

26. Origin of Replication

27. Making New DNA How many minutes is that?
28, Okazaki Fragments 1 iR MNRE

29. Okazaki Fragments 2

3 kazaki Fragments 3

31. Pause and Refiect How many hours is that?

32.100 Base Race s

33.1700 Base Race

Leaderboard

34, Accuracy Race
i ?

35. Accuracy Race How many days is that?

Leaderboard

36. Speed of Replication 1

37. Speed of Replication 2
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Students may use methods such as dimensional analysis or a calculator to provide answers

to these questions.

14) Replication in Cells (Screens 41-43)

Screen List

28. Okazaki Fragments 1
29. Okazaki Fragments 2
30. Okazaki Fragments 3
31. Pause and Reflect
32.100 Base Race

33. 100 Base Race
Leaderboard

34, Accuracy Race

35. Accuracy Race
Leaderboard

36. Speed of Replication 1
37. Speed of Replication 2
38. Speed of Replication 3
39. Speed of Replication 4

40. Speed of Replication 5

42. Replication in Cells 2

43, Replication in Cells 3

Replication in Cells

3 years to copy a single genome?

Data gathered on DNA
replication in human cells
indicate that the entire process
takes just 8 hours - what is one
way this could happen?
Human cells don't have 3,000,000,000
bases in their genome

Human DNA polymerase runs faster
than 33 bases per second

There isn't just one polymerase copying
the DNA

Time travel

This is not possible

The next several screens are intended to help the student understand how genome
replication works in the real world.

Screen List

27. Making New DNA
28, Okazaki Fragments 1
29. Okazaki Fragments 2
30. Okazaki Fragments 3
31. Pause and Reflect
32.100 Base Race

33.100 Base Race
Leaderboard

34. Accuracy Race

35. Accuracy Race
Leaderboard

36. Speed of Replication 1
37. Speed of Replication 2
38. Speed of Replication 3
39. Speed of Replication 4
40. Speed of Replication 5

41. Replication in Cells 1

42. Replication in Cells 2

Time travel

This is not possible

How many polymerases must be

used to reduce the time needed
to copy DNA from about 25,000
hours to 8 hours?

In prokaryotes, there is typically
only one origin of replication

with two replication forks - areas

where the DNA is opened up to
be copied, like a bubble
expanding. In eukaryotes, there
can be many origins, each with
two forks. Think back to what
you learned about prokaryotes
why is it possible for

Screen 43 segways into the last portion of this instruction: Stages of Replication.

15) Stages of Replication, Screens 44-45.
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Screen List

27. Making New DNA

zaki Fragments 1
REPLICATION

29. Okazaki Fragments 2

Okazaki Fragments 3 Stages Of Rep”ca‘tion

Pause and Reflect
32. 100 Base Race

33.100 Base Race Putting it all together
Leaderboard

34, Accuracy Race I

35. Accuracy Race

Leaderboard

You've now learned about, and taken part in,
36. Speed of Replication 1 the process of DNA replication in cells. While First
we've left out some details, you now have a
basic understanding of the process of DNA

38. Speed of Replication 3 replication. I

37. Speed of Rej jon 2

I ‘ Hydrogen bonds between bases are broken

DNA polymerases make one continuous strand of
new DNA and one fragmented strand of new DNA

39, Speed of Replication 4

| Two copies of the genome exist ‘

40. Speed of Replication 5 Use your new knowledge and
41. Replication in Cells 1 experience to put these stages ‘ Okazaki fragments are connected
42. Replication in Cells 2 of replication in order from first ‘ One copy of genome exists

tn lact

Screens 44-45 present the stages of replication and the student is tasked with ordering them
correctly to reinforce the concept of DNA replication.

16) Summary (Screen 46)

Screen List

28. Okazaki Fragments 1

29. Okazaki Fragments 2

30. Okazaki Fragments 3

What is DNA Replication

32.100 Base Race

33.100 Base Race
Leaderboard In this lesson you learned that DNA isn't
always in the pretty X shape shown often in

" LEARNING OBJECTIVES
movies and TV, but is more like a jumbled ball

34. Accuracy Race

35. Accuracy Race of yam called chromatin. After being uncoiled m Explain the structure of DNA and how its
Leaderboard and unwound, DNA is replicated by DNA structure lends itself to replication
polymerase, which runs incredibly fast and
36. Speed of Replication 1 z
2 = uccura\e\y LY g chromosomes, genes, alleles,
37. Speed of Replication 2 and DNA relate 1o each other

38. Speed of Replication 3

Apply concepts of genetic information and

39. Speed of Replication 4 mutation to evolution

40. Speed of Replication 5

47. Replication in Cells 1

42. Replication in Cells 2

43, Reolication in Cells 3

Screen 46 concludes this portion of instruction as students now move into the next section.

Unit 6 Searching for Signatures: DNA Function — Making
Proteins

Lesson Stats
e Average time spent: 1.5 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 200
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Lesson Flow

e [Introduction, Screens 1-2.
Protein functions, Screen 3.
Nucleic Acid functions, Screen 4.
DNA Review, Screens 5-8.
Cell Review, Screens 9-11.
Transporting Information, Screens 12-13
RNA vs DNA (Transcription), Screens 14-16.
Transcription, Screens 17-24.
Translation, Screens 25-31.
Central Dogma, Screens 32-34.
Exons and Introns, Screens 35-36
Reflection and Summary, Screens 37-38.

Common Student Issues/Misconceptions
[ J

Activity Walk-through

1) Protein Functions, Screen 3

Screen List

1. Title

Protein Functions

5. DNA Review 1

6. DNA Review 1 pt. 2 i I
eview 1 pt. Proteins have so many diverse

DN a2 functions, but have you ever wondered
8. DNA Review 2 pt. 2 how so many different proteins get
9, Cell Review made?

10. Cell Review 2

11. Cell Review 3 Where are the “instructions”
12. Transporting Information for cellular function stored?

13. Transporting Information pt. 2

Nucleic acids
14. RNA Builder Intro

Mitochondria
15.RNAVS DNA 1

Lipids
16.RNAvs DNA 2

Chloroplasts
17. Transcription: Base Paifing -
Carbohvdrates

Students start to learn about functional parts of the cell, beginning with protein function. This
serves as a precursor to learning about nucleic acid functions.

2) Nucleic Acid Functions, Screen 4
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Screen List

1. Title

Nucleic Acid Functions

5. DNA Review 1

6.DNA Review 1pt. 2

Let's review - what are some

7:DHA Reviay 2 functions of nucleic acids?
8.DNA Review 2 pt. 2 . " 1
r— L &
9. Cell Review 3
0. Cell Review 2 Store information L < M
11. Cell Review 3 Protect the cell
" a
12 Transporting Information Sp(‘(!d up reactions
13. Transporting Information pt. 2 Transport information - -

AR Short-term energy storage

Long-term energy storage

15.RNA vs DNA 1

Contribute to cell movement

6. RNA vs DNA 2

Be a critical factor in cell structure
17. Transeription: Base Pairing

This screen features a multiple choice question which reviews the student's understanding of
the functions of nucleic acids before recapping DNA.

3) DNA Review (Screens 5-8)

MAKING PROTEINS Force Adaptivity W (Score: 0)

Screen List

1. Title
2. Introduction
3. Protein Functions

4. Nucleic Acid Functions

diagram of a single-stranded
6. DNA Review 1 pt. 2 ent, similar to the one you built in o
eprints, along with the three

i %-p-0

7. DNA Review 2 s of a single nuclectide. Match N Q 0
nents to their names and o Q

8. DNA Review 2 pt. 2 NH
he sequence of the N

9. Cell Review tary strand, using single letters

i Q
10. Cell Review 2 S _t HN
— " =N
11. Cell Review 3 \ AN/)
12. Transporting Information B=P=0
i o
13. Transporting Information pt. 2 \. / c
| 3 NH
14. RNA Builder Intro ¥ e ‘? | T

15.RNA vs DNA 1 NEXT =

Students will be asked to use their prior knowledge from previous lessons and re-apply them
here to answer questions about DNA,; this activity reinforces the biochemistry of DNA
mentioned previously.
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Screen List

1. Title

3. Protein Functions
4. Nucleic Acid Functions D N A
5. DNA Review 1

6.DNAReview 1pt. 2 Shown to the right is a diagram of double-
stranded DNA,

8. DNA Review 2 pt. 2 What holds the two strands together?

9. Cell Review

0. Cell Review 2 Covalent bonds

11. Cell Review 3 lonic bonds

12. Transporting Information Hydrogen bends

13. Transporting Information pt. 2 Magnetic bonds
P

4. RNA Builder Intro Physical bonds
15.RNAvs DNA 1

16. RNA vs DNA 2

17. Transcription: Base Pairing

The review of DNA expands into the chemical bonds present in the structure of DNA. By
solidifying the basic features of DNA, the DNA review screens help prepare the student to
tackle tougher concepts which appear later in this section.

4) Cell Review (Screens 9-11)

MAKING PROTEINS Force Adaptivity * (Score: 0)

Screen List

8. DNA Review 2 pt. 2

10. Cell Review 2
11. Cell Review 3
12. Transporting Information

1. Transporting Information pt. 2 mage of a eukaryotic cell, identify the nucleus, ribosomes, and endoplasmic
m.
f these are not present in prokaryotes? What are their functions?

14. RNA Builder Intro
15.RNA vs DNA1
16. RNA vs DNA 2

17. Transcription: Base Pairing

ey s Function Label Is this
18. T tion: DNA-RNA b
fabalet il of Organelle the Organelle in
19. Transcription: MRNA Synthesis Organelle Organelle Prokaryotes?
20. Transcription Practice
Produces
21. Why is DNA double stranded? r | free -
3 4 A proteins
22. RNA Functions/Origin o
NEXT =

23. Base combinations 1

Students will use their prior knowledge from previous lessons in order to fill in the boxes as
they progress through different categories of questions. The provided model serves as a 3D
view of where the organelles are and engages the student to think about the moving parts of
a cell.

5) Transporting Information (Screens 12-13)
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Screen List

1. Title

2 raduien TRANSPORTING INFORMATION

3. Protein Functions

Transporting Information

5. DNA Review 1

6. DNA Review 1pt. 2

In eukaryotes DNA resides in the nucleus, but proteins
are made by ribosomes in the cyteplasm or by

8. DNA Review 2 pt. 2 ribosomes in the endoplasmic reticulum (ER). How do
you think the information from the DNA (that is needed
9. Cell Review to make proteins) gets to the ribosomes?

7. DNA Review 2

10. Cell Review 2
DNA exits the nucleus and is "read” by
11. Cell Review 3 the ribosome

The ribosome enters the nucleus and

"reads” the DNA
13. Transporting Information pt. 2

There is a "wireless” transmission of

14. RNA Bullder Intro information from DNA to ribosome

15.RNAvsDNA1 The information is copied to another
molecule which goes from DNA to

16.RNAvs DNA 2
ribosome

17. Transcription: Base Pairing

Now that the student has reviewed the basic physical structure of a cell, screens 12-13
probe the student's grasp of the inner mechanics of cell behavior and how information is
transported. These screens prime the student to compare DNA and RNA in the following
screens

6) RNA vs DNA (Screen 15)

MAKING PROTEINS Force Adaptivity * (Score: 0)

Screen List

11. Cell Review 3 RIPTION

12. Transporting Information

13. Transporting Information pt. 2 . d u Ct i 0 n

14. RNA Builder Intro Desiribonucieotive 0]
HQC
he righ leotide and Q | ™
T ot e:ng tarea.n RNA nucleotide and a 0
cleotide. What differences do you see? 0—P—0 N S0
17. Transcription: Base Pairing l.. o
bil that apply. O

18. Transcription: DNA-RNA base pairing
19. Transcription: mRNA Synthesis

The structure of the phosphate group is
20. Transcription Practice different OH
21. Why is DNA double stranded? The connections of the phosphate group Ribonucleotide 5]

is different
22. RNA Functions/Origin of Life

The structure of the sugar is different o I NH
23. Base combinations 1 |

The connections of the sugar Is different O—P—0. N o)
24. Base Combinations 1.5 Il W

The structure of the nitrogenous base is (@] oy |
25. Three-base combinatiol

NEXT =

26. Degeneracy

Students must be able to differentiate between RNA and DNA by understanding the
chemical makeup of each biomolecule. These screens plant the question of why both DNA
and RNA common to all lifeforms, as students venture into understanding how these
molecules shape all of life.

7) Transcription (Screens 17-24)
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Screen List

7. DNA Review 2

8. DNA Review 2 pt. 2

9. Cell Review

10. Cell Review 2

1. Gell Review 3

12. Transporting Information

13. Transporting Information pt. 2
14. RNA Builder Intro
15.RNAvsDNA1

16.RNAvs DNA2

18. Transcription: DNA-RNA base
pairing

19, Transcription: mRNA Synthesis
20. Transcription Practice

21. Why is DNA double stranded?
22. RNA Functions/Origin of Life

Transcription

The first challenge in producing proteins is
getting the information from the DNA to the
ribosome. Cells meet this challenge by
copying the DNA information to messenger
RNA molecules. This process, which is a lot
like DNA replication, is called transcription.

Transcription is quided by the same
interaction that guides DNA replication: base
pairing. What do you recall are the normal
base pairs in DNA? Select all that apply.

AT
AC
AG
T
G

[oXe]

H
r)\‘ """ H—N
N N )
7
™ N= )-—N
N—HreeeeO »
H
H
A\

Student utilize previous knowledge in order to begin learning about transcription.

Sereen List

7.DNA Review 2
8. DNAReview 2pt. 2

9. Cell Review

10. Cell Review 2

11. Cell Review 3

12. Transporting Information

13_ Transporting Information pt. 2
14. RNA Builder Intro
15.RNAVSDNA1
16.RNAVSDNA 2

17. Transcription: Base Pairing

18. Transcription: DNA-RNA base
pairing

19. Transcription: MRNA Synthesis

21. Why is DNA double stranded?
22. RNA Functions/Origin of Life

2 e combination

After unwinding through the process of transcription, the student’s understanding of the

Transcription

Using what you have learned
about messenger RNA, enter the
correct sequence for the mRNA
strand complementary to the
DNA strand below. Because the
RNA polymerase reads in one
direction and builds in the
opposite direction, we have
noted the antiparallel orientation
below. Just transcribe from left
to right.

DNA Template 3'- AATCGCCGAATACCGATTACACCGG - §

MRNA
Sequence:

o

process is tested as they are prompted to transcribe DNA into RNA.

Screen List

-

19. Transcription: mRNA Synthesis
20. Transcription Practice

21. Why is DNA double stranded?
22. RNA Functions/Origin of Life

23, Base combinations 1

25. Three-base combinations

26. Degeneracy

27. Translation Intro
28. Translation: Ribosome Structure
29. Translation: tRNA

30. Translation: Process

31. Translation: Practice

32 Central Dogma: Transcription
33. Central Dogma: Translation

34. Protein Folding

35. Genes and Proteins

Base Combinations

There are four MRNA base options: adenine
(A), uracil (U), guanine (G), and cytosine (C),
yet there are 20 different amino acids that
mRNA must have information to make. How
does something with 4 options encode
something with 20 options? Let's look at
how this might work..

How many different possibilities are there for
a single base in MRNA? It may help to write
them out using the single letter codes above.

ENTER NUMBER

Are there enough possibilities to make the 20
different amino acid combinations using a
single base?

Yes No

In the next series of screens, the student applies knowledge of nucleic acids, bases, and
uses arithmetic to answer questions about protein synthesis. This segways into the process
of translation covered during the next several screens.
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8) Translation (Screens 25-31)

Screen List

punny 5
TRANSLATION

19. Transcription: mRNA Synthesis
20. Transcription Practice
21. Why Is DNA double stranded?

22. RNA Functiona/Origin of Life As you saw in the previous screen, one and
two base combinations don't provide enough
variation to account for the 20 amino acids
observed. The table below will help you
determine how many combinations are
possible for three bases. Fillin each
combination below.

23, Base combinations 1

24_ Base Combinations 1.5

26. Degeneracy

27. Translation Intro.

Three-base Combinations

28, Translation: Ribosome Structure m p X =

29. Translation: tRNA u T Ueu . P i
30. Translation: Process ucc uac uGc c
31. Translation: Practice UUA UCA UGA A
32. Central Dogma: Transcription uue UAG UGG [}
33. Central Dogma: Translation c cuy ccu CAU CGU v
34. Protein Folding i cee GAC e
35. Genes and Proteins cus LoA i) CaA A

The students are shown a codon table which provides all possible codon combinations for
RNA. Several blank boxes are shown for the student to fill in by using the table as a guide.
Students then go on to learn about the advantages of genetic degeneracy in the next screen

before delving into protein synthesis.

Screen List

o

19. Transcription: mRNA Synthesis

Translation

20. Transeription Practice
21. Why is DNA double stranded?
22. RNA Functions/Origin of Life

23. Base combinations 1
24, Base Combinations 1.5

Shown to the right is a diagram of a
ribosome in the middle of translating an
mRNA sequence into an amino acid
sequence, or polypeptide. Interestingly,
ribosomes are also made of RNA, called
ribosomal RNA or rRNA. Within the ribosome
are separate RNA pieces, called transfer or
tRNA, which you'll learn about on the next
screen

25. Three-base combinations
26. Degeneracy

27. Translation Intro

29. Translation: tRNA
30. Translation: Process

31. Translation: Practice

- RS From this diagram, what characteristics can
you observe about the structure of the
ribosome? Select all that apply.

32 Central Dogma: Transcription

33. Central Dogma: Translation

Itis made of two pieces of equal size.
34. Protein Folding

Itis made of two pieces of different size
35. Genes and Proteins

rewly born protein-
_, amino acids

| large subunit

Exploring into the ribosomal subunit, students begin to capture how a string of nucleotides
can be transformed into the functional products which are common throughout all of life.
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Screen List

Py
19. Transcription: MRNA Synthesis
20. Transcription Practice

21. Why is DNA double stranded?
22. RNA Functions/Origin of Life
23, Base combinations 1

24. Base Combinations 1.5

25. Three-base combinations

26. Degeneracy

27. Translation Intro

28. Translation: Ribosome Structure

29, Translation; tRNA

31. Translation: Practice
32. Central Dogma: Transcription
33. Central Dogma: Translation

34_ Protein Folding

35. Genes and Proteins

Translation

The animation at right shows the steps of
translation from mRNA to amino acid
sequence. The following colors are used in
the animation:

Green - Large ribosomal subunit

Yellow - Small ribosomal subunit

Dark Blue - IRNA

Light Blue - Chaperone protein

Long black chain at the bottom - MRNA
Black chain being built in the green subunit -
polypeptide

Using what you see in the animation, put the
steps of translation in order below.

First

I [First tRNA bonds and ribosome assembles around mRNA|

A new {RNA enters the ribosome |

‘ Polypeptide binds to newest tRNA ‘

‘ Oldest tRNA ejected ‘

This simulation guided screen challenges the student to order the translational processes
correctly, and provides a legend for each of the colored segments of the simulation. This is
intended to animate the process of translation so that the student can see the mechanics of
how proteins are built.

9) Central Dogma (Screens 32-34)

Screen List

=

19. Transcription: mRNA Synthesis
20. Transcription Practice

CENTRAL DOGMA

21. Why is DNA double siranded?

22. RNA Functions/Origin of Life
23. Base combinations 1
24, Base Combinations 1.5

25. Three-base combinations

From DNA to Protein

The concept of DNA being transcribed to RNA and translated to protein is often
referred to as the Central Dogma of Melecular Biology. IU's time to put everything

together and perform the entire process of protein production from transcription
through translation.

26. Degeneracy

27. Translation Intro Transcribe the DNA sequence below into its complementary mRNA sequence.

Enter a space after every third base. Answers are case-sensitive. Secund Letier
28_ Translation: Ribosome Structure = =
y - U Jony VU] UM, G0 Gy,
29. Translation: tRNA DNA Template:3' - TAC CCA AAT ATA CGC GGA TTA TCA TAAACT - 5 el U], ke Yt lom ¢
A gy UK | uan sup UA Stom A
we ' uosl  uac siep Uee T ©
30. Translation: Process MRNA: 5 -3 aw) e owp, o)
. oo S P
31. Translation: Practice =l G o Saaloe cas ]l U @ M
. E Acu AU TR |
32 Central Dogma: Transcription Translate the MRNA sequence into a El A | A, Mcme il G
e T e
polypeptide by dragging the appropriate Ao we Aol sl hea)A® G
" o] o] awi, oau] U
amino acids into the area below. ave [ E 5 mh» oc | ¢
34, Protein Folding frord oomd [~ el &
cuoletsl | e coal e

35. Genes and Proteins

Screens 32-34 function as reviews for the major elements of both transcription and
translation and are intended to reinforce the central tenants of both processes. Screen 34
shows 3D protein folding and serves as another visualization that the end product is a
functional unit.

10) Exons and Introns
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Screen List

19. Transcription: mRNA Synthesis
20. Transcription Practice

21. Why Is DNA double stranded?
22. RNA Functions/Origin of Life
23. Base combinations 1

24. Base Combinations 1.5

25. Three-base combinations

26. Degeneracy

27. Translation Intro

28. Translation: Ribosome Structure

29. Translation: tRNA
30. Translation: Process

31. Translation: Practice

32. Central Dogma: Transcription
33. Central Dogma: Transiation
34, Protein Folding

35. Genes and Proteins

EXONS AND
INTRONS

Exon-Intron

What do you see happening in the animation
on the right?

Multiple genomes are present in one
organism

The organism took in proteins from
outside the cell

The mRNA was cut and put back
together

The organism took in genetic material
from outside the cell

How might this allow for the large number of
proteins compared to native genes?

The organism can ingest more genes
and express their proteins

Screens touching on Exon/Introns include a video which graphically illustrates the idea of
splicing, and shows how introns and exons function within the genetic code. This screen
concludes the instructional portion of this section as students reflect on the learned material
and move into the next unit.
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Unit 7 Blue Planet: Our Blue Planet

Lesson Stats
e Average time spent: 1.5 hours

Learning Objectives
e Students explore the past and present of our home and project into the future and
organize their journey to see the big picture.
e Students will build their own Blue Planet Report as they gather evidence, identify
patterns, and draw conclusions.

Assessment
Max score: 100

Lesson Flow

e Introduction, Screens 1-2.
Your Blue Planet Report, Screen 3.
Adding Observations, Screen 4.
Blue Planet Report Sections, Screen 5.
Liquid Water on Earth, Screen 9.
Energy Balance Sim, Screens 12-17.
Car Scenario, Screens 18-22.
Atmosphere, Screens 23-25.
Putting it all Together, Screen 26.

Common Student Issues/Misconceptions
e Some students have issues with setting up the temperature simulation. It is critical for
them to insert the correct parameters in the correct areas.

Activity Walk-through

1) Your Blue Planet Report, Screen 3
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| BLUE PLANET REPORT PRIMER |

Your Blue Planet Report

Identifying and solving global-scale
problems.

You've probably heard about Earth's changing
ecology in the news - deforestation in the
rainforests, dwindling animal habitats,
climate change. In the Blue Planet unit you'll
explore the past and present of our home and
project into the future. To help you organize
your journey and see the big picture, you'll
build your very own Blue Planet Report as you
gathe At . e

concl < >

(Score: 29) @ Don Bratton

Blue Plan...

Students are asked to organize their journey and see the big picture by building their own
Blue Planet Report as you gather evidence, identify patterns, and draw conclusions about

our shared home.

2) Why is Earth Special, Screen 7

I WHY IS EARTH SPECIAL? |

Which attribute(s) of Earth make it
unique?

the list below, select the
attribute(s) that make Earth

in the solar system. You will be

accuracy.
< >

Attributes of Earth

Take a moment and consider all
of the attributes of Earth. From

unique among planetary bodies

scored based on completion, not

Students are asked to select the attributes that make Earth unique among planetary bodies

in the solar system.

3) Energy Balance Sim - Mars Distance
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| HOW DOES EARTH SUPPORT LIQUID WATER? |

Distance from the Sun

What factors allow the Earth to
support liquid water?

Greatl Let's test out a few distances. Using
the diagram to the right, identify the distance
of Mars in AU. In the simulation below, place
the planet at Mars’ distance from the Sun.

Use the sim, then record the
temperature in Kelvin here:

o What is Kelvin? | DON'T SEE A
SIMULATION?

< 2 NEXT

Students are asked to use the simulation to record the temperature. This will help them with
the subsequent slides, where they will be asked to use simulations to answer more

questions.

4) Car Scenario - Top Down, Screen 18

| WHAT IS THE ATMOSPHERE'S ROLE IN CONTROLLING TEMPERATURE?

Convertible Example

Why is the atmosphere important to

Imagine you own a cobalt blue convertible
sports car. You take it for a drive on a clear,
sunny, summer day around noon. You drive to
the movie theatre and park in an exposed
space with the top down. No trees in this lot.
How annoying! At the conclusion of the
movie, you race out to the vehicle ready to
take a cruise

Al aem s

liquid water?
SEAT
To answer this question, let's take a look at :
an example. -

< >

This is the beginning of the Car Scenario where students use a car to determine the

atmosphere’s role in controlling temperature.
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Unit 7 Blue Planet: History Repeats Itself,With A Twist

Lesson Stats
e Average time spent: 1.5 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 163

Lesson flow

Introduction and Background, Screens 1-12.

Forest Ecosystems, Screens 13-22.

Insect Herbivory, Screens 23-39.

Coral Reefs, Screens 41-48

Consequences of a Warming World and Conclusion, Screens 49-54.

Common Student Issues/Misconceptions
e Students have had significant difficulty with the insect herbivory activity, often
over-analyzing the images.

Activity Walk-through

1) Introduction and Background (Screens 1-12)

Soreen s Earth's Timeline

1. Cover

2. Introduction What is our place in time?

4. Past and Future

5. Organic Earth y V=2
y To understand the importance of the b
6. Tiny Sliver &’ ﬂ
changes taking place today it is necessary to ~
7. The Paleocene-Eocene Thermal Maximum understand changes that have taken place in < -
(PETM™) Earth's past. »Tv - i P
8. Temperature Trends Across Time Let's explore the past » |
7
9, Background Change \"qx
—— v
10. PETM Temperature Change m FT,
o~ 9
1. Compare and Contrast How old do you think Earth is? h{‘/ W
12. Select a Path ﬁ . § a 'n
years 1S - 4
13. Forest Ecosystems

14. Leaf Margin Analysis

How long do you think the total
lifespan of Earth will be?

15. Bigham Basin Locale

16. Paleocene Flora

In the introductory screens, students contemplate the past features of Earth and explore
them through an interactive timeline as well as several additional questions which guide the
student into learning about the PETM.
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Screen List The Paleocene-Eocene Thermal Maximum

I Coer CENOZOIC

2. Introduction Epoch | PALEOCENE EQCENE MIOCENE :E‘NQE PLEISTOCENE gfkg

3. Earih's Timeline

4. Past and Future Time 65 s 54.8 33.7 23.8 ¢5.3 41.8 10K § Today
Scale | mya mya mya mya mya | mya years

5. Organic Earth ago

6. Tiny Sliver
Events & fophacts TETM

8. Temperature Trends Across Time
9. Background Change

10. PETM Temperature Change

11. Compare and Contrast

12. Select a Path

13. Forest Ecosystems

14. Leaf Margin Analysis

15. Bighom Basin Locale

Screen 7 introduces the PETM with a scaled timeline of the Cenozoic Era, as the student is
primed to learn about temperature trends over time.

Screen List [MI
An Ancient Analog?

2. Introduction

3. Earth's Timeline .
How do ancient temperature

4. Past and Future
changes compare to now?

GLOBAL LAND TEMPERATURE ANOMALIES
5. Organic Earth

6. Tiny Sliver — !

7. The Paleocene-Eocene Thermal Maximum os

(PETM) We previously explored temperature curves from
today and now we've added two new
8. Temperature Trends Across Time observations. Let's compare them. ’ “‘ o ““ L |‘ |
9. Background Change o P
10. PETM Temperature Change Ll B
How does the change in global © ADD TO OBSERVATIONS
12 Select a Path average temperature today
13. Forest Ecosystems compare to the historical examples
Paleocene-Eocene
14, Lnaf Morit Andlysia of global average temperature sy 0.00005 *C/century
change?
15. Bighomn Basin Locale
Slower FETM Teinguannis 0.01 “C/century
16. Paleocene Flora Trend
Same

The introductory instruction closes out with a brief compare and contrast segment as the
students prepare to select a path in order to begin learning about biome change during the
PETM.

2) Forest Ecosystems (Screens 13-22)

Page 151 of 254



S Forest Ecosystems

1. Cover

2 Introduction How did forests change during the PETM?
3. Earths Timeline

4. Past and Future

5. Organic Earth

6. Tiny Sliver

7. The Paleocene-Eocene Thermal Maximum
(PETM)

8, Temperature Trends Across Time
9. Background Change

10. PETM Temperature Change

11. Compare and Contrast

12. Select a Path

13. Forest Ecosystems

14. Leaf Margin Analysis

15. Bighom Basin Locale

Screens 13-22 take the student on a journey through ancient forests, wherein the student is
expected to understand certain ecological features which once existed on Earth.

Screen List Explore the flora present at the

Bighorn Basin location during
the Eocene. Count how many
temperate (sawtooth-margin)
3. Eartfs Timeline versus tropical (smooth-margin)

1. Cover

2. introduction

4. Pastand Future samples are located at this site
at this time. Check off the
species that are present as well.

5. Organic Earth
6. Tiny Shiver

7. The Paleocene-Eocene Thermal Maximum
(PETM)

LNL
(legume)

Ginkgo  Macgintea
alls  adiantoides  gracils

8. Temperature Trends Across Time Copaifera

Temperate  Tropical

9. Background Change

Paleocene: 5 5
10. PETM Temperature Change
PETM 0 10
11. Compare and Contrast
Eocene

12. Select a Path
13. Forest Ecosystems

14. Leaf Margin Analysis
15. Bighom Basin Locale

16. Paleocene Flora

Screen 18 features a multi-step question built for the purpose of comparing common
elements throughout different epochs.
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Screen List The rate of the temperature change
exceeded the ecosystem's ability to
3. Earths Timeline adapt, leading to widespread extinctions

4. Past and Future The rate of the temperature change was
slow enough that the ecosystems could
migrate without losing a significant

6. Tiny Sliver number of species.

5. Organic Earth

7. The Paleocene-Eocene Thermal Maximum
(PETM)

Given that the rate of temperature
8. Temperature Trends Across Time change today is 0.8 “C/century,
determine all of the possible

inferences we can draw from our
10. PETM Temperature Change PETM study

9. Background Change

11. Compare and Contrast .
Forests will not change that much

12. Select a Path )
Forests will migrate slowly towards
13. Forest Ecosysiems cooler climates

14. Leaf Margin Analysis Forest ecosystems may fall apart, with
species going extinct.
15. Bighom Basin Locale

16. Paleocene Flora
17. PETM Flora

18. Eocene Flora

Forest Ecosystem instruction closes with a brief conclusion and applications to the real world
today as students venture into a new pathway in upcoming screens.

3) Insect Herbivory (Screens 23-39)

Screen List

9. Background Change
10. PETM Temperature Ghange Insect Herbivo ry

11. Compare and Contrast

12. Select a Path

. How did insects herbivory change across the PETM?
orest Ecosystems B

14. Leaf Margin Analysis

15. Bighom Basin Locale

16. Paleccene Flora e ;
Insects have a fossil history dating back 400

17. PETM Flora million years. They are one of the most
successful classes of organisms on the
18. Eocene Flora planet. We can explore insect behavior by

investigating fossil leaves and how insects

19.E em Composition During the PETM
have damaged them over time.

20. Rate of Change

We'll explore what happened to insect

21. Application to Today herbivery during the transition from the
Paleocene to the Eocene through the PETM
We'll do so by exploring damaged fessil
leaves.

22. Conelusion 1

24. Mechanical Damage

25. Biological Damage:

Insect Herbivory burrows into the fossil data from successful classes of organisms dating
back 400 million years. Students are taken into the damage done to insect systems during
the PETM as they progress through the next several screens.
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Screen List

‘
9. kground Change

;
70.PETM Trapcntr Change Insect Herbivory

11. Compare and Contrast
12. Select a Path L 5
How did insects herbivory change across the PETM?

13. Forest Ecosystems

14, Leaf Margin Analysis
Look at the specimen below. For each zone indicated, determine whether the
15. Bighorn Basin Locale damage was mechanical or biological.

16. Paleocene Flora
17. PETM Flora
18. Eocene Flora
m Composition During the PETM
20. Rate of Change
21. Application to Today

22. Conclusion 1

25. Biological Damage

Students are tasked with determining the nature of damages done to specimens provided on
the following screens, and learn to differentiate between biological and mechanical damage.

Screen List

14, Leaf Margin A

- __EXPLURIHG THE PETM
15. Bighom Basin Locale
16. Paleocene Flora .
Insect Herbivory

17. PETM Flora
18. Eocene Flora
stem Composition During the PETM How did insects herbivory change across the PETM?

20. Rate of Change

Explore the insect damage to the leaves present at the Bighorn Basin location
during the Paleocene. Identify which leaves show signs of insect herbivory.

25. Biological Damage

26. What Kind of Damage?

27, Insect Damage

28. B Locale

ect Damage

Screen 30 provides questions concerning the percent damage done during the Paleocene
epoch and transitions into damage diversity and Eocene insect herbivory in the following
screens.
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Screen List

19. Ecosystem Composition During the PETM
20. Rate of Change
21. Application to Today
22. Conclusion 1
sect Herbivory

ical Damage

25. Biological Damage

26. What Kind of Damage?

27. Insect Damage

28. Bighom Basin Locale

29. Paleocene Insect Damage

30. Paleocene Damage Percentage
31. Paleocene Damage Diversity
32. PETM Insect Damage

33, PETM Damage Percentage

34. PETM Damage Diversity

35. Eocene Insect Damage

Insect Herbivory

How did insects herbivory change across the PETM?

=—Geategorize the type of insect damage you observe here. Click on a sample to
expand it for a larger view.

Insect Herbivory now enters the Eocene epoch as the student answers questions similar to
those posed for the Paleocene epoch.

Screen List
23, Insect Herbivory
24. Mechanical Damage
25, Biological Damage
26. What Kind of Damage?
27. Insect Damage
28. Bighom Basin Locale
ocene Insect Damage
Damage Percentage

Damage Diversity

32. PETM Insect Damage

33. PETM Damage Percentage
34. PETM Damage Diversity

35. Eocene Insect Damage

36. Eocene Damage Percentage

37. Eocene Damage Diversity

39. Application to Today

Insect Herbivory

How did insects herbivory change across the PETM?

Margin Feeding

Damage % Hole Feeding Skeletonization Mining Galling
Paleocene 30% X X X
PETM 60% X X X 4
Eocene 30% X X x

What was happening to insect

Screens 38-40 wrap up the exploration of Insect Herbivory with a brief conclusion and
applications to today's world, as the student moves into his/her next pathway of exploration.

3) Coral Reefs (Screens 41-48)
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Screen List EXPLORING THE PETM

23. Insect Herbivory =
e Coral Reefs
25 Biological Damage

26. What Kind of Damage?

What happened to coral reefs during the PETM?

27. Insect Damage

28. Bighom Basin Locale
29. Paleccene Insect Damage

30. Paleacene Damage Percentage Coral Reefs

32 PETM Insect Damage

Paleozoic Mesozoic Cenozoic

33. PETM Damage Percentage
34. PETM Damage Diversity
35. Eocene Insect Damage
36. Eocene Damage Percentage

37. Eocene Damage Diversity

38. Insect Herbivory During the PETM

39. Application to Today

We've alreadv investinated the health of coral Coral reefs todav are constructed bv tinv

In the next screens, students dive into the coral reefs and discover the features of the
Earth’s vast coral reefs during the PETM.

Screen List EXPLORING THE PETM

Coral Reefs

28. Bighom Basin Locale Site 3
aleolatitude: 20°
29. Paleocene Insect Damage Paleolatitude: 20°N

30. Paleocene Damage Percentage

32, PETM Insect Damage

33. PETM Damage Percentage

34, PETM Damage Diversity

35. Eocene Insect Damage

36. Eocene Damage Percentage

37. Eocene Damage Diversity

38, Insect Herbivory During the PETM
39. Application to Today

40, Conclusion 2

41. Coral Reefs

42. Sampling Locations

Students begin by analyzing sample sites at varying Paleolatitudes and answer questions
about coral composition.
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Students are instructed to answer questions starting with the Paleocene and ending with the
Eocene as they differentiate between Coralalgal and Foram-dominated reefs.

The Coral Reef instructional ends with a brief conclusion and applications to today’s world,

as students move to the conclusion of this unit while considering the effects of temperature
on various biomes over time.

4) Consequences of a Warming World (Screens 49-54)
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The consequences of warming are reinforced in the final screens of this instruction as
students are asked various questions focused on ensuring a well rounded understanding of
the PETM and how temperature affects the Earth’s habitats.

Students fill in a Blue Planet Report to condense all of the material of this lesson as the next
few screens conclude the lesson and wrap-up the major components of this segment of
instruction.
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Unit 7 Blue Planet: Then and Now

Lesson Stats

Average time spent: 1-1.5 hours

Learning Objectives
Define, from observation and data, the roles of various components of the

atmosphere as they influence climate.

Describe and evaluate patterns of global climate change revealed through data,

including the role of natural and anthropogenic processes.

Assessment
Max score: 139

Lesson Flow

Introduction, Screens 1-4.

US Case Studies, Screens 5-18.

US Case Study Reflection, Screen 19.
Australian Case Study, Screens 20-22.
New Zealand Case Study, Screen 23.

Coral Sea Case Study, Screens 24-27.

Glacier and Ocean Temperature Case Study, Screens 28-31.

Global Reef Bleaching Case Study, Screens 32-33.
Revisiting Hypotheses and Summary, Screens 33-36.

Common Student Issues/Misconceptions

Coming soon

Activity Walk-through

1.

US Case Study Example
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This screen shows the first case study students will encounter in this lesson. The later case
studies follow the same format where students are asked to make observations and then
answer thought provoking questions about global climate change.

2. US Case Study Review

After the US case study students must analyze and reflect on how the data in this particular
case study relates to the larger question about global climate change.

3. Australia Case Study
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After looking at the US case study and learning about data relations, students are tasked
with formulating a hypothesis related to the environment of the next case study they will
encounter Australia.

Unit 7 Blue Planet: Finding the Cause

Lesson Stats
e Average time spent: 1-1.5hrs

Learning Objectives
e Investigate what might be causing the recent and rapid temperature increase.
e Understand the different planetary factors that influence global temperature changes
such as albedo, distance, atmosphere, and luminosity.

Assessment
Max score: O

Lesson Flow

Introduction and testing factors influencing temperature, screens 1-5.
Investigating the albedo factor, screens 7-19.

Investigating the distance factor, screens

Investigating the atmosphere factor,
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e Investigating the luminosity factor, screens 25-32.

Common Student Issues/Misconceptions
e N/A

Activity Walk-through
1. Factors that Influence Earth's Temperature

On this slide students will be prompted to consider which factors have the greatest impact on
the Earth's temperature. On the slides that follow students will get have the opportunity to
explore these factors through a simulations.

2. Selecting Factors
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On slide five students can choose which factor they want to explore first. Each factor is
explored over several slides using a simulation.

3. Investigating the Effect of Albedo on Earth’s Temperature using a Simulation
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Once students choose a factor to explore, albedo in this example, they are brought to a
screen that prompts them to engage with a simulation. In this case the student is to enter
Earth’s albedo value into the white text box in the simulation labeled “Albedo”. Students can
also adjust the value by dragging along the respective bar. Once a student enters in .31 they
can hit enter or click the “Take Reading” button on the bottom of the simulation. The student
will see that the “Effective Temperature” value has changed. Students will then take this
value and convert it into Celsius by subtracting 273.

4. Investigating the Factor of Luminosity
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Another factor students have investigate is luminosity.

5. Reflection and Consideration of Most Prominent Factors
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On this slide students are presented again with some factors influencing the Earth and are
asked to determine which of the factors has had the greatest effect based off their findings in
the simulations.

Unit 7 Blue Planet: Keeping Balance

Lesson Stats
e Average time spent: 1 hour

Learning Objectives
e Define, from observation and data, the roles of various components of the

atmosphere as they influence climate
e Describe and evaluate patterns of global climate change revealed through data,
including the role of natural and anthropogenic processes

Assessment
Max score: XXX

Lesson Flow

Introduction, Screens 1-2.

Sources and Sinks, Screens 3-7.

Geologic Simulation - Volcanic Activity, Screen 8.

Geologic Simulation - Chemical Weathering, Screen 9.
Biological Simulation - Cellular Respiration, Screen 10.
Biological Simulation - Photosynthesis, Screen 11.
Anthropogenic Simulation - Reforestation, Screen 12.
Anthropogenic Simulation - Deforestation, Screen 13.
Anthropogenic Simulation - Fossil Fuels, Screen 14.
Geologic Simulation - over 100 years, Screens 16-17.
Biological Simulation - over 100 years, Screens 18-19.
Anthropogenic Simulation - over 100 years, Screens 20-22.
Sources and Sinks Evaluation and Summary, Screens 23-27.

Common Student Issues/Misconceptions
e Students must make sure that all these variables are reset before starting their
simulations. If they do not, they will have inaccurate CO2 readings.
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Activity Walk-through

1. Introduction to Carbon Sources and Sinks (Screen 3)

On screen 3 students will learn the difference between a carbon source and a carbon sink
and then be asked questions to ensure their understanding of the concept.
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On screen 7 students must use the drop down menu to label seven events as being either
anthropogenic, biologic or geologic. Students can click on the image on the far right of the
screen for definitions of terms.

2. Source or Sink Simulation - Formulating a hypothesis.

For the rest of the lesson students will use simulations to investigate different geologic,
biologic, and anthropogenic variables and determine if they are carbon sources or sinks. To
successfully run this simulation students must make sure all the variables are reset. The
graph displays the levels of carbon dioxide over time. Students can change the timespan
scale and see how that affects their data. Choosing a longer timespan makes the graphing
trend easier to interpret . On screen 8 students must manipulate the variable of volcanic
activity and hypothesize if the variable is a carbon source or sink. Students will similarly
formulate a hypothesis for the other sources.

3. Carbon Balance Simulation Introduction
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Students are brought to this screen before running each simulation. From here they can click
an image on the right side of the screen to start a simulation in the order of their choosing.

4. Simulation over 100 years - Anthropogenic: Fossil Fuels

On screen 20 students will explore the impacts of Fossil Fuels over a 100 year time span.
To begin, students must make sure that all the variables have been reset and that the
timeline is set for 100 years. Students can then record the reading for CO2 and compare
that to the initial reading to see if it increased or decreased.
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5. Simulation over 100 years - Biological Factors (Screen 18)

On screen 18 students will explore the impacts of biologic factors over a 100 year time
span. To begin, students must make sure that all the variable have been reset and that the
timeline is set for 100 years. Students can then record the reading for CO2 and compare that
to the initial reading to see if it increased or decreased.

6. Simulation over 100 years - Geologic Factors (Screen 16)

On screen 16 students will explore the impacts of geologic factors over a 100 year time
span. To begin, students must make sure that all the variable have been reset and that the
timeline is set for 100 years. Students can then record the reading for CO2 and compare
that to the initial reading to see if it increased or decreased.
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7. Sources and Sinks Evaluation and Summary (Screen 23-25)
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Unit 7 Blue Planet: Designer Planet

Lesson Stats
e Average time spent: 1.5 hours

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 95

Lesson flow
e Cover and Introduction, Screens 1-2
Consequences of Warming and Selecting a Limit, Screens 3-4
Emission Sectors/First Test, Screens 5-16
A Climate Intervention, Screens 17-30
A Climate Change/Second Test, Screens 31-35
Conclusion, Screen 36

Common Student Issues/Misconceptions
e The simulation breaks down contributions by sector - to find the overall temperature
rise students must read the uppermost line on the graph, except when climate
intervention technologies are added
e When adding in climate intervention technologies, students must read the lowest
black line to find the overall temperature.

Simulations

Simulation name: Emissions Simulation
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e Description: The emission simulation engages the student with the ability to change
how four major emission sources (Transportation, Buildings, Power/Energy, Land
Use) are used in the future. Students can change the attention given to a source by
selecting between levels ranging from ‘no effort’ to ‘high effort’ and set a year in
which to begin. This allows the student to actually visualize our planet as a dynamic
body which holds onto the things we put out into it, and how human activity over time
can dramatically alter the path we are headed on.

e Correct answer:

Activity Walk-through

1) Consequences of Warming and Selecting a Limit (Screens 3-4)

Students begin their journey by thinking on the impact of warming on the planet and how
much of a difference 2 degrees Celsius could make. Students can select through 5
categories (Water, Food, Coasts, Health, Ecosystems) to discover the answers. Students will
then select a ‘warming limit’ and continue onwards through the unit to learn just how much
temperature and emissions can affect the future.

2) Emission Sectors and First Test (Screens 5-16)
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Students now begin the simulation portion of this section as they select a sector of emissions
to explore via the simulation. Students will go through four areas of CO2 emission

(Transportation, Buildings, Power/Energy, Land Use) as they learn about how humans affect
Earth.

Students can visualize how small changes in effort can make a big difference in the
outcomes, as they prepare to understand how we can contribute to lowering emissions.
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Students will utilize previous knowledge to calculate where Earth would stand given that
society put in the ‘maximum effort’ to reduce temperature change.

Students now revisit their previous threshold and test its feasibility. Here, a new threshold is
selected if needed, and students move forward into understanding the costs of reducing
global temperature change.
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As the simulation on emissions and temperature changes wraps up, students answer brief
questions on if they believe we can achieve the goal set by countries for the future.

3) A Climate Intervention (Screens 17-30)

Students now reflect on factors which affect the Earth’s temperature and posit potential new
ventures that may help keep the temperature at bay.
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Screen 20 reintroduces the student to Albedo, which was covered previously in Finding the
Cause. Students will answer questions about man-made aerosols and think about what
effect they may have if added to the atmosphere.

Screens 23-24 discuss solar luminosity and it's delicate relationship with life on Earth.
Students contemplate the effects of an altered solar luminosity and how it might affect us
here on Earth.
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Screen 25 whisks the student into the concept of removing CO2 from the Earth. Here, the
student will answer concept based questions on how CO2 interacts with the Earth.

Instruction continues with the student thinking about why storing CO2 may or may not be
beneficial as the unit moves into the Biomass section.
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Biomass! The stuff of life, and an alternative approach to reducing the levels of CO2 present
in the atmosphere is discussed in this section as students contemplate the effects of having
more photosynthetic life on Earth.

Having interacted with many angles of approach to CO2 reduction, students now set the
simulator level to what they deem appropriate as the lesson moves onto the next section.

4) A Climate Change/Second Test (Screens 31-35)

Page 179 of 254



Students are now tasked with building the future by choosing how to combat global
temperature change through the previously explored avenues.

By toggling through options, students must select the best measures to battle against the
projected temperature gain.
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Students must deal with the realities of their choices and think to understand the human
consequences that will have to be endured in order to meet their goal.

To be sure, the main effects will be on the environment! As such, students will discuss the
effects left on the environments and biomes of the planet with their plan in mind.

5) Conclusion (Screen 36)
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Students conclude their journey and finalize their Blue Planet Report as they reflect back on
the wealth of information explored in this unit.
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Unit 8 A Mission Beyond: Getting Started

Lesson Stats
e Average time spent: 15 min

Learning Objectives
e To understand the expectations for this unit and what will need to be done in order to
successfully complete it.
To understand the mission that students will embark on throughout this unit.
Shows students that they will further understand the fundamentals of how their body
operates, how its various systems are affected by spaceflight, and how they can use
this knowledge to better their own health on Earth.

Assessment
Max score: 0/0

Lesson flow

GETTING STARTED How to Access Lessons
Completing your training

Contact with Mission Control

Planning your Mission

Your Mission

Why Mars

Learning Outcomes

Common Student Issues/Misconceptions
None

Activity Walk Through

e Students are required to upload information about their mission to Mars such as the
time and distance required in the My Mission Beagle app.
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e Students will have to determine the duration of flight and the distance to Mars. They
will also need to describe why a mission to Mars is important.
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Unit 8 A Mission Beyond: Making the Dream Team

Lesson Stats
e Average time spent: 30-45mins

Learning Objectives
e |earn about what qualifications potential astronauts need to have in order to qualify
for an extended space flight.

Assessment
Max score:

Lesson flow
e Cover and Introduction, Slide 1
Activity: What Makes a Good Astronaut?, Slides 2-4
Qualifications, Slides 5-7
Balancing Roles, Slide 8
Pause and Reflect, Slide 9
Summary and Mission Control, Slide 10

Common Student Issues/Misconceptions
Activity Walk-through

e Astronaut Qualities Brainstorm

This is the first content slide students see for this lesson. Here they will begin to brainstorm
some of the qualities they think astronauts need to possess in order to be successful. As per
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the instructions listed on the page, students will drag and drop the images and words from
the left into the right box. There is no incorrect answer or combination of qualities.

e Qualities and Qualifications of Astronauts Examples

This slide helps students become generally acquainted with the qualities and qualifications
of real life astronauts. The minimum requirements will be covered in the following slides.

e Activity: What to Look for when Selecting a Crew
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On Slides 5, 6, and 7 students will learn about what qualities and qualifications potential
astronauts must have in order to qualify for a mission to space. Students will look at the
applicant's relevant education and experience, medical history, and personality to ensure a
safe flight with compatible teammates. Here students can practice selecting the most
qualified individuals from a pool of applicants.

e Summary and Selecting a Crew
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On slide 10, the last slide of this lesson students will click on the Beagle icon to open

up the “My Mission” Beagle app. The Beagle icon is located in the upper righthand
corner of their slide.

Once students open up My Mission app, their first task is to select four crew members from a
pool of applicants. Students must read the “resumes” of each crew member to assess their
relevant education and experience, health history, and personality. Students must select one
engineer, medic, pilot, and commander in order to ensure that all roles are filled.
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Unit 8 A Mission Beyond: Unseen Danger: Radiation

Lesson Stats
e Average time spent: 45 min

Learning Objectives
e To understand the risks to astronauts associated with radiation in space.

Assessment
Max score: 18

Lesson flow

Introduction (Slide 2)

Surrounded by Radiation (Slide 3)
What is Radiation? (Slide 4)

Types of Radiation (Slide 5)

What's the Problem? (Slide 6)

Health Effects on Astronauts (Slide 7)
The Dangers of Space Radiation (Slide 8)
Protecting Yourself (Slide 9)

Pause and Reflect (Slide 10)
Summary (Slide 11)

Common Student Issues/Misconceptions
N/A

Activity Walkthrough
e Surrounded by Radiation (Slide 3)
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Students are given an explanation for why astronauts saw flashes of light in their eyes while
in space. Students are then told what radiation is and how it is actually a part of our
everyday lives.

e Types of Radiation (Slide 5)
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Students are given descriptions of two kinds of radiation in outer space and are then asked
to sort the forms of radiation into the appropriate category.
e Health Effects on Astronauts (Slide 7)
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The flashes of light are further explained on this screen and students are told about the
acute and chronic effects of radiation. Students are then asked to rate how important it is to
combat radiation to complete a successful mission to Mars.
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Unit 8 A Mission Beyond: The Bare Bones

Lesson Stats
e Average time spent: 30-45mins

Learning Objectives
e Describe the function of the skeletal system
e Explain how bones are living tissues
e |llustrate the role of calcium in maintaining the structure of bones.

Assessment
Max score: 42

Lesson flow
e Cover and Introduction to the Skeletal System (Slides 1-10)
Bones and Why are Bones Important? (Slide 11-12)
Bone Functions (Slides 13-17, 23)
Calcium (Slides 18-22)
Summary (Slide 25)
Mission Control Meal Plan Activity.

Common Student Issues/Misconceptions
e At the end of the lesson students may forget to go into their “Mission Control”. It is
important that they continue right after the lesson so that what they learned is still
fresh in their minds.
Activity Walk-through

1.) Introduction (Slide 2)
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e This is the second slide students see when they begin the lesson. Here they will be
oriented with the goal of the lesson, learn about the skeletal system and the
important role diet plays in maintaining bone health.

2.) The ROS Report (Slide 3)

On the third slide students will see for the first time the Risk of Spaceflight (R.O.S.) report.
Throughout the unit students will see several of these reports, each investigating a different
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problem faced by astronauts. This particular R.O.S report covers the negative impact
spaceflight has on bones, and features quotes from astronauts.

3.) Choosing your Path (Slide 10)

Depending on how familiar students are with the skeletal system they can choose to skip a
review or dive right into the rest of the lesson which goes into detail about the function of
bones and their composition.

4.) Which Bone is Which? (Slide 11)
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If students choose to review bones back on slide 10 they are brought to this slide where they
must correctly name some of the bones of the body.
5.) What are Bones Made of? (Slide 14)

After a brief cover of the function of bones and how they are made, students learn what
bones are composed of and are introduced to the important role of calcium in bone health.
6.) Calculating Calcium (Slide 19)

Page 198 of 254



Following from the previous slides detailing the importance of calcium, students are next
tasked with figuring out how much calcium an individual needs to maintain their bone health
and determining good dietary sources of calcium.

7.) Summary

Slide 25 of this lesson directs students to open up their My Mission beagle app where they
will be able to personally create a dietary plan for each of their astronauts that ensures bone
health.

8.) Mission Control Meal Planning
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After opening up Mission Control the student will go to the crew section tab to choose their
crew if they have not yet done so. Then, they will click on the small profile pictures of the
crew members located on the red “Mission Design Plan” Bar.

After clicking on an individual's profile the student will need to select “Meals” in the upper
righthand corner of their Mission Design Plan to see a list of the meal options. These meals
are designated with letters of the alphabet (A,B,C,D,etc.). Students must select meals for
each day of the week and ensure that their average for daily calcium is at least 1000mg.

Unit 8 A Mission Beyond: Lifting Tons and Skeletons

Lesson Stats
e Average time spent: 45min-1hr

Learning Objectives
e Identify microgravity as a unique stressor affecting humans in space

e Distinguish the activities of three different bone cells as it relates to bone remodeling

e Develop a hypothesis that explains how loading affects bone formation

e Evaluate various exercise-related countermeasures in their ability to prevent bone loss in
space

Assessment
Max score: 44

Lesson flow
e Cover and Introduction (Slide 1)
e Being in Space (Slides 2-3)
e Bones in Space (Slides 4-5)
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e Bone Remodeling (Slides 6-7)
e Your Life (Slides 8-9)
e Summary (Slide 10)

Common Student Issues/Misconceptions
e At the end of the lesson students may forget to go into their “My Mission” Beagle app.
It is important that they continue right after the lesson so that what they learned is still
fresh in their minds.

Activity Walk-through

1.) Differences Between Earth and Space (Slide 2)

On this slide, students will get started thinking about the differences between the Earth and
space. A key difference they should consider is gravity.

2.) Gravity and Microgravity (Slide 3)
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On this slide students will be introduced to the concept of gravity and learn that there is a
small amount of gravity in space, referred to as microgravity.

3.) The Effect of Microgravity on Bones (Slide 4)

Here students will need to drag and drop the star onto the skeletal region they think will be
most affected by microgravity.
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4.) How Bones are Made (Slide 5)

On this slide, students will learn about the cells responsible for building and breaking down
bones.

5.) How Loading/Weight affect Bones (Slide 8)
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Near the end of this lesson students will be asked to think about the influence of load on the
skeleton. On Earth, with gravity in effect, the skeleton is naturally under a load while in space
this load is significantly smaller.

Unit 8 A Mission Beyond: Getting Under Your Skin

Lesson Stats
e Average time spent: 45min-1hr
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Learning Objectives

Describe the lack of direct contact with sunlight as a unique stressor to spaceflight
Synthesize experimental data to explain how a lack of sunlight can lead to a vitamin D
deficiency

Analyze the concept of homeostasis through the body’s reaction to low vitamin D levels.
Evaluate the efficacy of a meal plan as it pertains to vitamin D and maintaining bone health in
space.

Assessment
Max score: 85

Lesson flow

Sunlight, Slides 1-7

Vitamin D and Bone Functions, Slide 8, 15-21
Summary, Slide 9

Calcium and Bone Functions, Slides 10-14
Metacognition, Slide 22

Summary, Slide 23

Common Student Issues/Misconceptions

At the end of the lesson students may forget to go into their “Mission Control”. It is
important that they continue right after the lesson so that what they learned is still
fresh in their minds.

Activity Walk-through
1.) Sunlight Absorption on Earth and Space

On the fourth slide students will start thinking about and be introduced to the relationship
between bone loss and a reduction in sunlight.

2.) Positive and Negative Effects of Sunlight
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On this slide students will come to understand that sunlight can be both both harmful and
beneficial to health.

3.) The Relationship Between Calcium and Your Bones

The positive relationship between sunlight and bone integrity is described in this slide. A
reduction in sunlight will lead to a reduced production of vitamin D, which is needed to
facilitate the absorption of calcium. Lower calcium absorption will lead to weaker bones.

4.) Understanding Regulation of Bone Growth and Breakdown
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On this slide students learn about the complexly regulated process called homeostasis and
how that specifically relates to bone growth and break down.

5.) How much Vitamin D is needed?

On this slide students will learn the minimum daily requirement for Vitamin D and calculate
the percentage of vitamin D in some of the food they eat.

6.) Summary and Mission Control
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This is the last slide students will see and are instructed to open up mission control and
check that their crew members are getting enough Vitamin D in their diets.

Unit 8 A Mission Beyond: Maintaining Peak Performance

Lesson Stats

Average time spent: 1.5 hrs

Learning Objectives

Describe the types of muscles and the functions of the muscular system.

Explain how muscle cells are affected by microgravity.

Use evidence gathered from this lesson to explain how to prevent muscle loss due to
microgravity.

Assessment
Max score: 119

Lesson flow

Cover and Introduction (Slides 1-2)
The First Humans on Mars (Slide 3)
What is going on? (Slides 5-6)
Starting with the Basics (Slides 8-9)
Types of Muscles (Slides 10-13)
Taking a Closer Look (Slides 14-17)
What's the Problem? (Slides 20-23)
The Bigger Picture (Slides 25-26)
Making a Prediction (Slide 27)

Page 208 of 254



Summary (Slide 28)
Countermeasures (Slides 29-30)
Proteins (Slides 31-32)

Pause and Reflect (Slide 27)

Your Recommendations (Slide 38)
Summary (Slide 39)

A Common Student Issues/Misconceptions

N/A

Activity Walkthrough

Slide 10: 3 Types of Muscle

The three types of muscles are explained to students and then students are asked to match

each video to the type of muscle that is shown in the videos.

A closer look (Slide 19)
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Students are shown the differences between actin and myosin. They are then asked to sort
the statements at the bottom of the screen into true and false statements.

e The bigger picture (Slide 25)
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This screen shows students how a lack of loading as a result of microgravity can affect
muscle mass. Students are then asked to complete the table below using what they now
know about muscle loss. They will need to drag and drop a picture and a description.

e What is protein, really? (Slide 31)
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Students are given information regarding protein and told to determine how protein would be
important for a crew on their mission. This is important in that students will need to take this
information and reevaluate the diets they have put their crew members on and ensure that
all members are receiving enough protein.

e Choosing your exercise, Slide 35
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Students are told about muscle atrophy in the previous screen and will have to use that
knowledge to determine which exercise would be most beneficial in stimulating muscle that
is affected by microgravity.

e Meal plan calibration, My Mission Beagle App
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Students are expected to calibrate their meal plan to ensure each astronaut is receiving
enough protein. This is done in the My Mission Beagle app.
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Unit 8 A Mission Beyond: Counting Calories

Lesson Stats
e Average time spent: 45min-1hrs

Learning Objectives
e Find out what a calorie really is.
e How much energy does a human require?
e How can we perform an energy balance on an organism?

Assessment
Max score: 72

Lesson flow
e Cover and Introduction, Slides 1-4
Calories and Caloric Intake, Slides 5-17
Calories and Basal Metabolic Rate (BMR), Slides 18-21
BMR and Exercise, Slides 22-23
Calculating the Thermic Effect of Food (TEF), 24-25
Calorie Intake and Balancing Energy Outputs and Inputs, 26-28
Reflection and Summary, Slides 29-32

Common Student Issues/Misconceptions
N/A
Activity Walk-through

1.) Finding energy in food
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On this slide students will use their knowledge to select where a considerable amount of
energy is stored on this food label and drag and drop the star to that component.

2.) Calculating Calories: Inputs and outputs

This slide provides students with a general schematic of how calories are used in the body.
The following slides will show the different ways that calories are burned that include BMR,
exercise, and the thermic effect of food.
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On slide 30 students will investigate how many calories the body burns to just maintain its
basic functions. This is called the Basal Metabolic Rate and is dependent on age and
gender.

Students will also investigate another caloric output, exercise and add that into the total
number of calories a person burns.
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On slide 25 students will learn about the thermic effect of food (TEF) and factor that output
into their calculation for how much energy they need to consume in order to be have an
energy balance.

3.) Summary

Once students finish the lesson they are again directed to a summary slide and tasked with
setting the correct caloric targets for each crew member onboard their mission. To do this
students must open up the “My Mission” Beagle app in the upper right hand corner of their
screen and select a crew of 4 if they have not done so in a previous lesson.
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Once students open up their mission control they will see their selected crew. On the red bar
labeled “Mission Design Plan” students will see small circular profile pictures of their crew
members. Clicking on these will bring up the individual's personal profiles.

Here is an example of a personal profile. Before you can start making a meal plan, you'll
have to set a target caloric intake for each crew member. In this lesson you learned that the
amount of calories consumed must equal the sum of an astronaut’'s BMR, calories burned
from exercise and the thermic effect of food. The BMR for each astronaut is provided next
to their profile picture. The amount of calories they will burn from exercise will be based on
the routine you set for them. To set an exercise routine, first set a target exercise time. You
will then be allowed to construct an exercise plan using the plans displayed in the top right
corner of your planning page.
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Unit 8 A Mission Beyond: Fueling Your Team

Lesson Stats
e Average time spent: 45mins-1hr

Learning Objectives
e What are the macronutrients in food?
e How does the body maintain stable levels of energy?
e How does the body react to a prolonged energy shortage, and how would that affect
a Mars Mission?

Assessment
Max score: 105

Lesson flow
e Cover and Introduction, Slides 1-4
Components of Food - Macronutrients and Carbohydrates, Slides 5-13
Homeostasis and feedback mechanisms, Slides 14-19
The Body Without Food, Slides 20-29
Summary and Reflection, Slides 30-33

Common Student Issues/Misconceptions
N/A
Activity Walk-through

1.) The Macronutrients Found in Food
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On this slide students can hover over the image of different foods to find out what they are
composed of i.e. the percentage of protein, fats, carbohydrates, etc.
2.) Reading Nutrition Labels (Slide 10)
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On this slide students will learn how to calculate the amount of calories that can be gained
from different kinds of macronutrients such as carbohydrates, proteins, and fats. Per gram,
fat contains more calories than either carbohydrates or protein.

3.) Low Glucose Levels (Slide 13)
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On this slide students will need to click on the little question marks on the “Blood Glucose
Level” dial located at the bottom of the page to explore what happens to a person with
varying levels of blood glucose.
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4.) Glucose Regulation After a Meal (Slide 15)

On slide 15 students will get to explore the role of the pancreas in blood glucose regulation.
The dots with arrows pointing to them are the different substances the pancreas secretes,
such as insulin that are necessary for blood sugar regulation.

5.) How the Pancreas Functions
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Slide 16 details how the pancreas “senses” and responds to increased levels of glucose in
the body. Students are to match the order in which insulin is excreted after food enters the
stomach and then the bloodstream.

6.) First Phase of Glucose Deprivation
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Students can click on the circle labeled “Glucagon” to remember its role in glucose
metabolism.

7.) Second Phase of Glucose Deprivation (Slide 24)
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On slides 24-25 students will learn what happens eight hours after the body is deprived of
glucose. They will need to read and interpret the two graphs on the slide to answer the
questions.

8.) Third Phase of Glucose Deprivation (Slide 27)
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Students learn that in the third phase of glucose deprivation the body begins to degrade its
own protein and essentially starves.
9.) Three Phases Summary Slide (Slide 29)
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Using the knowledge gained reviewing the different phases of glucose deprivation students
will need to drag and drop the descriptions on the right hand side to accurately describe
each phase.

10.) Summary and Transition to Mission Control
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After this slide students will open up the “My Mission” app in Beagle to adjust the meal plans
of their crew members to ensure they have a well balanced diet. Specifically, students will
ensure that each astronaut is receiving at least 250 grams of carbohydrates each day.
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Unit 8 A Mission Beyond: Knocked Out

Lesson Stats

Average time spent: 1.5 hrs

Learning Objectives

Describe the function and components of the cardiovascular system.
Explain how oxygen is delivered throughout the body.

Explain how shifts in blood volume during spaceflight can lead to fainting that is

experienced by astronauts.

Assessment
Max score: 76

Lesson flow

Cover and Imagine this!. Slides 1-2
What's going on?, Slides 3-5

You Task, Slide 8

Contents Sort, Slide 10

How is Oxygen Delivered, Slide 12
Construct the system, Slide 15

Label the System, Slide 16

Providing Oxygen, Slide 17

Getting more oxygen, Slide 19

Blood Distribution, Slide 21

Puffy faces, thin legs, and more, Slide 22
Pause and reflect, SLide 25
Conclusion and summary, Slides 27-28

Common Student Issues/Misconceptions

N/A

Activity Walk-through

What's the problem?, Slide 6
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Students will have to take a look at the R.O.S Report from Mission control to get a better
idea about how fainting can hinder a mission to Mars. After reading through this report,
students will be asked to determine what they have learned from the report and answer
questions based on it.

e Your task, Slide 8
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Students are given their task and told to find out what specifically is happening in the body to
cause astronauts to faint in space. They will be focusing on how blood flow changes can
lead to fainting.

e How is oxygen delivered, Slide 12
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Students will determine how oxygen is delivered by centrifuging the vial seen on the screen.
By doing so, they will see a separation in the vial between plasma, the buffy coat, and the
RBCs.

e Label the system, Slide 16
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Students will be asked to label the components of the cardiovascular system to the
appropriate area in the diagram. This will help them identify what each part is and how blood
flows.

e Blood distribution, Slide 21
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Students will be asked to determine how transitioning from Earth to microgravity would affect
the distribution of blood in our bodies by learning about orthostatic intolerance.

e Anti-gravity spacesuits, Slide 26
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Students will be asked to determine how to counteract orthostatic intolerance which occurs
because of increased gravity, forcing blood to pool in the feets and legs.
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Unit 8 Human Spaceflight: A Change of Heart

Lesson Stats
e Average time spent: 2-2.5hrs

Learning Objectives
e See Instructor's Guide

Assessment
Max score: 71

Lesson Flow

Introduction to Cardiovascular System, Screens 1-5
Tracing the Path, Screens 6-7

Cardiac Output and Understanding, Screens 8-11
A Full Heart & Change of Heart, Screens 12-20
Pause & Reflect, Screens 21-22

1. Introduction to Cardiovascular System, Screens 1-5

Working on Mars will be no easy task! Here, students will begin their exploration of the
stresses that the body deals with on a day-to-day basis on Earth, as they work towards
applying the same principles to a Martian habitat. Students will begin with a range of
physical activities which they select from to see what happens in the body during the activity.

(Screen 4)
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Feeling the burn? The goal here is to personalize the lesson by appealing to a diverse range
of students with various hobbies and goals.

Tracing the Path, Screens 6-9

Now students will dive into the circuitry of the human heart, and see just how all of that blood
gets pumped from here to there! They will begin by differentiating pulmonary circulation from
systemic.

(Screen 7)
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Students learn about systole and diastole and how the various parts of the human heart
work towards one mission. After one question, students will see this next screen which is a
small activity to test their understanding:

Cardiac Output and Understanding, Screens 8-11

Cardiac output will quickly touch on graphing skills, and ask how exercise intensity affects
the heart’s activity levels.

(Screen 9)
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Many students will be familiar with this diagram from primary education, but BioBeyond will
ask the students some basic questions about the diagram and oxygen levels before going
deeper.

(Screens 10-11)

More about how volume affects force, and tying together some concepts that will no doubt
be essential to understanding the rest of the lesson. Some of these are very basic, but they
are intended more-so for those students who have not been actively academic in the recent
past.

A Full Heart & A Change of Heart, Screens 12-19

(Screens 12-13)
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Alas, Astronauts! Now students apply previous concepts to the idea of open space and
astronauts by thinking more about how much the heart can do. These questions will address
end diastolic volume (EDV) and blood volume loss.

(Screen 14)

This screen has more instruction on how the heart responds to more stress, and asks the
student to predict how the heart would respond to a decrease in blood volume entering it.

(Screen 15)

But what'’s the evidence? Here we show students data of the mass of the heart changing
after prolonged spaceflight.
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(Screen 16)

Now that the students have an understanding, we test it by having them line up the changes
in the body depending on what has happened to the heart. All of this would be very troubling
for an astronaut (or anyone really!).

(Screen 17)

What is cardiac deconditioning? What are the consequences? Students learn about the idea
of deconditioning and how it can play a significant role in our lives. So how do we counter
atrophy? The next screens present some ideas on what we can do!
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(Screen 20)

Wrapping up, the lesson presents some things that NASA has tried and tested with
astronauts floating up above us! Students are asked questions about how much activity is
appropriate to keep the body healthy in space.

(Screen 21-22)

After reflection, students write a short paragraph on their own recommendations based on
what they have learned thus far in the unit!
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Unit 8 A Mission Beyond: Launch Simulator

Lesson Stats

Average time spent: 45 min

Learning Objectives

Students are expected to launch their mission to Mars from this lesson. Students are
asked to make final adjustments to their mission design plan before they launch.
During launch students will get the chance to see if the plan they set up was
successful or not. If they fail, they can always go back to the lessons, make
adjustments and return to the Launch Simulator at any time.

Assessment
Max score: 300 points

Lesson flow

Introduction (Slide 1)
Launch SIM (Slide 2)
What Next? (Slide 3)
End of Lesson (Slide 4)

Common Student Issues/Misconceptions

N/A

Activity Walkthrough

Spacecraft Selection or Readjustment
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Students will be expected to have selected a spacecraft for this mission.

e Crew Selection
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Students will be expected to have selected their crew and also determine their meal plan
and exercise regime in the prior lessons.
e Launch Simulation
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e Students will launch their mission and see how far they get. If they do not make it the
whole way that is perfectly fine. They will then be directed to revisit (or visit for the
first time) prior lessons in the unit in order to understand what they need to fix so that
their mission to Mars can be successful.

Page 250 of 254



During their mission, students can click on the profile picture of any astronaut and see how
well they are doing on a variety of parameters. If their muscular function is low, they can click
on the icon next to that meter and see that they will need to focus on adjusting the crew
member’s carbohydrate intake, caloric consumption, or their resistive exercise.
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To readjust a crew member’s meal or exercise plan, you can click the “change plan” icon on
the crew member’s profile page. This will allow you to readjust plans while on board the
spacecraft. You will not have all the meal plans accessible while you are in space. You will
only have “Plans Onboard” which are meal plans E through L.
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By adjusting this crew member’s caloric intake (ie. by swapping in meal plans that are more
rich in calories), | was able to increase his muscular function. In a similar way, you can try to
adjust the plans of your other crew members where and if necessary.
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If, for example, as in the case above, students fail, the cause of failure will be shown in a
failure report. In this case, the mission failed as a result of “inadequate crew selection”.
Reuvisiting the crew selection lesson can help them before they give the Launch Simulation

another try.
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